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Interactions (pharmacodynamic): Warfarin: closely monitor the 
prothrombin time when therapy with rofecoxib is initiated in patients on 
warfarin therapy. ACE-inhibitors: administration of 25 mg daily of 
rofecoxib with benazepril, 10 mg to 40 mg daily for four weeks to 
patients with hypertension was associated with a small attenuation of 
the antihypertensive effect compared to the ACE inhibitor alone, This 
should be considered in patients taking rofecoxib concomitantly with 
ACE inhibitors. Beta-blockers and diuretics: concomitant use of 
NSAIDS may reduce the antihypertensive efficacy of beta-blockers and 
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rofecoxib $0 mg once-daily had no effect on the anti-platelet activity of 
low-dose (81 mg once-daily) aspirin. Avoid concomitant administration 
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rofecoxib with rifampicin, a potent inducer of CYP enzymes, produced 
an approximate 50% decrease in rofecoxib plasma concentrations. 
Therefore, consider the use of the 25 mg dose when rofecoxib is used 
with potent inducers of hepatic metabolism. 

Based on in vitro data, rofecoxib is not expected to inhibit cytochromes 
P450, 2C9, 2C19, 2D6 or 2E1. 

Pregnancy: Do not use in the last trimester of pregnancy, because like 
other prostaglandin synthesis inhibitors rofecoxib may cause uterine 
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not be used during the first two trimesters of pregnancy unless the 
benefit to the patient outweighs the nsk to the foetus. 

Lactation; contra-indicated. 
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The following drug-related undesirable effects were reported at an 
incidence greater than placebo in clinical studies in patients treated 
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Oedema/fluid retention, abdominal pain, dizziness, hypertension, 
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In addition, mild hypersensitivity reactions have been reported rarely, 
The undesirable effect profile was similar in patients treated with 
rofecoxib for one year or longer. 
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Laboratory adverse experiences 

Common (>1/100, <1/10): alanine aminotransferase increased, 
haematocrit decreased, aspartate aminotransferase increased 
Uncommon (>1/1000, <1/100): BUN increased, haemoglobin 
decreased, serum creatinine increased, alkaline phosphatase increased, 65(3):336-347 

proteinuria, erythrocytes decreased, leukocytes decreased. Data on file, Merck Sharp & Dohme 
Serious side effects associated with the use of NSAIDs 3, Laine L, Harper S, Simon T et al. A 
The following serious undesirable effects cannot be ruled out for effect of rofecoxib, a cyclo-oxygenase-2-specific inhibitor 
rofecoxib: nephrotoxicity including interstitial nephritis, nephrotic that of ibuprofen on the gastroduodenal mucose pH 
syndrome and renal failure; hepatotoxicity including hepatic failure osteoarthritis. Gastroenterology 9:1 17:776-783 
and hepatitis; gastro-intestinal toxicity including perforation, ulceration : 

and bleeding; volume overload related toxicity including cardiac 

failure and left ventricular failure; cutaneo-mucosal adverse effects, 

severe skin reactions including anaphylactic/anaphylactoid reactions 
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SUPRANE® (desflurane) PRESCRIBING INFORMATION 
Presentation: Amber glass bottle containing 240ml 
desflurane, supplied as pure drug substance. Suprane 
is a volatile liquid for administration by inhalation. Store 
in an upright position at room temperature (25°C) 
Indication: Inhalation agent for induction and/or, 
maintenance of anaesthesia for inpatient and outpatient 
surgery in adults and maintenance of anaesthesia for inpatient 
and outpatient paediatric surgery. Dosage: Suprane should be 
administered by trained anaesthetists using a specific vaporiser 
designed for Suprane. MAC is age-specific and decreases with 
increasing age. Induction. Inspired concentrations of 4-11% 
of Suprane usually produce surgical anaesthesia in 2-4 
minutes. Suprane is not recommended for paediatric 
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induction. Maintenance. Surgical anaesthesia may be 
sustained with 2-6% Suprane when nitrous oxide is used 
concomitantly. Suprane at 2.5-8.5% may be required when 
administered using oxygen or oxygen enriched air. 
Concentrations of up to 18% Suprane have been 
administered for short periods of time, but if high 
concentrations are used with nitrous oxide, ensure that the 
inspired mixture contains a minimum of 25% oxygen. 
Concentrations of 1-4% in nitrous oxide/oxygen have been 
used successfully in patients with chronic renal/hepatic 
impairment. Contraindications: Suprane should not be used 
in patients in whom general anaesthesia is contraindicated, in 
patients with known hypersensitivity to halogenated agents, 
or in patients with known or genetic susceptibility to 
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malignant hyperthermia. Suprane should not be used for 
induction in patients at risk of coronary artery disease or where 
increases in heart rate or blood pressure are undesirable. 
Precautions: Suprane is not recommended for paediatric 
induction, or for use in neurosurgical patients. Suprane may 
increase CSF or intracranial pressure in patients with space 
occupying lesions. A lower concentration is recommended for 
hypovolaemic, hypotensive and debilitated patients. Sensitivity 
hepatitis may be caused in patients previously sensitised by 


exposure to other halogenated anaesthetics. Suprane hast» 


been shown to trigger malignant hyperthermia. To minimise 
the risk of formation of carbon monoxide in rebreathing 
circuits, carbon dioxide absorbents should not be allowed to 
dry out. Suprane is not indicated during pregnancy or breast 
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When compared with sevoflurane and isoflurane, 
Suprane has: 


lower solubility’ 
faster wash in and wash out' 


more rapid emergence and recovery’ 















feeding. Side effects: Suprane may cause dose-dependent xide. Overdose: There is no experience of overdose 
ardio-respiratory depression. Nausea and vomiting have humans. Please consult Summary of Prod haracteristic a” - à 
been observed. Hepatitis may occur in patients sensitised by for recomme ndations in the case of o sing. Legal € ¢ 
thetics dult category: POM. Packs: Suprane 240m! in amber glas 
ri ‘ 
desflurane 


bottles. Basic NHS price: £44.41 per bottle, PL number 
malignant hyperthermia have been reported. N December 1999 H lir 
ts on the effects of Suprane on the ability t ® Denotes registered trademark Precise con tro it 
y. An adequate period, at least 24 References: 1. Eger E |. Anesth. Review. 1993;20:87-97 e 2 n me m 
Interactions: 2 Dupont letal Br nic eas maintenance anaesthe 
cle relaxants Baxter Healthcare | 







prior exposure to halogenated anae 






induction, cough, breath holding, laryn 
and salivation have been reported. Tran ) 5 in 116/0327. PL holder: Baxter Healthcare Ltd., Caxton Way 
cell count have been observe cases of Thetford, Norfolk IP24 3SE Date of preparation 








@ ‘fformation exis 
jrive or operate machiner 







hours, ts needed to ensure full recovery 





Suprane potentiates mmonly used rr 
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ESMERON 


Presentation: 10 mg/ml rocuronium bromide in 5mi or 10m! vials as 
an aqueous solution for injection. Other ingredients: sodium acetate, 
sodium chloride, acetic acid to pH 4 and water for injections. 

Uses: As an adjunct to general anaesthesia to facilitate endotracheal 
intubation during routine and rapid sequence induction, to provide 
skeletal muscle relaxation, during surgery. Esmeron is also indicated as 
an adjunct in the intensive care unit (ICU) to facilitate intubation and 
mechanical ventilation. 

Dosage and administration: Esmeron is administered intravenously 
as a bolus or as an infusion. See Summary of Product Characteristics 
for compatibilities. 

Dosage is individualized taking into account method of anaesthesia, 
duration of surgery, possible interactions with other drugs and the 
patient's condition. Routine use of appropriate neuromuscular 
monitoring technique is recommended. 

In adults: For short to long lasting surgical procedures: 

Intubation: 0.6 mg / kg, Rapid sequence induction 1.0mg/kg, 
Maintenance dose: 0.15 mg/kg, (reduce to 0.075mg - 0.1 mg/kg for 
Long-term inhalational anaesthesia). 

Continuous infusion: Loading dose 0.6 mg/kg, then infusion rate 0.3 
- 0.6 mg/kg/nour or under inhalational anaesthesia 0.3 - 0.4mg/kg/nr. 
Continuous monitoring of block is essential. 

(See Summary of Product Characteristics for advice for intensive care 
procedures, children, elderly, cirrhotic and overweight patients). 
Contraindications Previous anaphylactic reactions to rocurenium or the 
bromide ion. 

Precautions and warnings: Use under the supervision of experienced 
Clinicians familiar with neuromuscular monitoring techniques. Ventilation 
is mandatory until adequate spontaneous respiration is restored. Dose 
levels above 0.9 mg/kg may increase heart rate which could counteract 
bradycardia produced by other anaesthetic agents or vagal stimulation. 
Hepatic and/or biliary tract disease, renal failure, prolonged circulation 
time and neuromuscular disease hypothermia and obesity may influence 
the effects of Esmeron. Severe electrolyte disturbances, altered blood 
pH or dehydration should be corrected when possible. Clinicians should 
be aware of the signs and symptoms of malignant hyperthermia 
Effect on ability to drive or use machines: Using potentially 
dangerous machinery or driving are not recommended within 24 hours 
of full recovery. 

Use in pregnancy and lactation: Esmeron should be given to 
pregnant or lactating women only when the benefits outweigh the risks. 
Dose in Caesarean section: 0.6mg/kg. 

Side effects: Anaphylactic reactions are very rarely seen. No clinically 
significant tachycardia, hypotension or other clinical signs of histamine 
release have been reported. 

Interactions: Other drugs may influence the effects of non-depolarizing 
NMBA’s, including anaesthetics, other NMBA's, antibiotics and 
suxamethonium, diuretics, (adrenergic blocking agents. See Summary 
of Product Characteristics for details. 

Overdose: The patient should continue to be ventilated. When reversal 
fails ventilation must be continued until spontaneous breathing occurs. 
Other Information: A dose of 0.6 mg/kg provides adequate intubation 
conditions within 60 seconds in nearly all patients, with a clinical 
duration of 30-40 minutes. General muscle paralysis is established 
within 2 minutes. 

Package quantities: 50mg/5ml (12 vials) 100 mg/10ml (10 vials). 
NHS Prices 50mg x12 vials - £38.78 100mgx10 vials - £64.63 Legal 
Category POM Product Licence Number 3524/0025 

Further information is available from Organon Teknika Limited, 
Cambridge Science Park, Milton Road, Cambridge CB4 OFL 
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orgaryteknika Beseind 15, S28) RM Boxtel, The Netherlands, tel. +31 {0} 437 65 49 11, fax +31 (0) 411 65 4201 
N http://www organonteknike.com 
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An outstanding safety profile in all procedures. 
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Stable hemodynamic profile 
Rapid onset In contrast to atracurium, n 


Esmeron at a dose of 0.6 mg/kg ensures control of the airway administration of Esmeror 
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Symposium on Intensive Care Issues 

Leicester, May 26, 2000 

The symposium will be held at the Glenfield Hospital 
Clinical Education Centre, Leicester. 

The deadline for registration is May 15, 2000. 

For further information and registration, please contact: 
Mrs Julia Symons, Clinical Education Centre, Glenfield 
Hospital, Groby Road, Leicester LE3 9QP, UK. 


Tel: +44 (0) 116 256 3603; Fax: +44 (0) 116 256 3334, 
E-mail: julia.symons @ glenfield-tr.trent.nhs.uk 


Sth Congress of the European Resuscitation 
Council ‘Resuscitation 2000 

Antwerp, June 1-3, 2000 

Congress Director: Prof. Dr Leo Bossaert 

For further information, registration and abstracts, please 
contact: 

ERC secretariat, PO Box 113, 2610 Antwerp, Belgium. 
Tel: +32 3 821 36 16; Fax: +32 3 828 48 82; E-mail: 
erc@uia.ua.ac.be; Website: http://www.erc.edu. 

For hotel reservation and tours, contact: 

Medicongress, Waalpoel 28/34, 9960 Assenede, Belgium. 
Tel: +32 9 344 39 59; Fax: +32 9 344 40 10; 
E-mail: ERC2000@medicongress.com; Website: http:// 
www.medicongress.con/erc. 


*Pre-congress courses in BLS, AED, ALS, PLS on May. 
29-31, 2000. 


M.E.R.LT. Centre Bradford Royal Infirmary, 
Bradford, UK - One day course in Spinal 
Endoscopy 


Bradford, UK, June 9, 2000, September 15, 2000 and 
October 27, 2000 


One day course with lectures, practical equipment demon- 
strations and observation of the technique in patients. Course 
material includes a comprehensive, practical guide to all 
aspects of the technique. Instrumentation is state-of-the-art, 
and it is anticipated that upon completion delegates will be 
in a position to consider setting up such a service in their 
own locality. On-going training will be offered. 

Of interest to all those involved in the management and 
investigation of patients with back pain and sciatica as well 
as those involved with central neural blocks. Numbers of 
delegates strictly limited. Lunch will be provided. 


For further information please contact: 


Dr Jonathan Richardson, MERIT Centre, Bradford Royal 
Infirmary, Bradford, BD9 6RJ. 

Tel: +44 1274 364271/364253; Fax: +44 1274 366811; 
E-mail: merit.centre @ mail.bradh-tr/northy.nhs.uk 


Frontiers in Anesthesia 


Allergy, Immunology, and Anesthetic Action 
Ontario, June 10-12, 2000 


The conference will take place at Queen’s Landing Hotel, 
Niagara-on-the-Lake, Ontario, Canada. 

For further information and registration, please contact: 
Centre for Continuing Education, Tulane University Medical 
Center, 1430 Tulane Ave. TB 51, New Orleans, LA 
70112, USA. 


Tel: +1 800 588 5300 or +1 504 588 5466; Fax: +1 504 
584 1779; E-mail: cme @ mailhost.tcs.tulane.edu. 


For further details and electronic registration, visit the web 
page: http://www.tmc.tulane.edu/anes/niagara/ 


World Paediatric Anaesthesia Meeting 

Nova Scotia, June 14-16, 2000 

The meeting will take place at the Westin Nova Scotian 
Hotel, Halifax, Nova Scotia, Canada. 

For further information, please contact: 

Dr. John G. Muir, Division of Paediatric Anaesthesia, IWK 
Grace Health Centre, 5850 University Avenue, Halifax, 
Nova Scotia, Canada B3J 3G9. 


Fax: +902 428 2911. E-mail: wpam2000@is.dal.ca Visit 
our web site: www.dal.ca/wpam2000. 


Therapeutic Applications of Leukocyte 
Filtration 
London, July 7, 2000 


The Hammersmith Hospital, Imperial College, London, UK, 
is pleased to stage a one-day workshop. This prestigious 
meeting is being organized by Professor Ken Taylor and 
Dr Terry Gourlay who have invited a guest panel of 
international speakers. 

Topics presented include: Angioplasty Therapy for Acute 
Myocardial Infarction with Leukocyte Filtration; Filtration 
of Malignant Cells using Leukocyte Filtration on Cardio- 
pulmonary Bypass; Leucofiltration of Cell Salvaged Blood; 
Techniques and Timing of Systemic Leukocyte Filtration on 
Cardiopulmonary Bypass; Leukocyte Depletion in Vascular 
Surgery; Leukocyte Tactics and Improved Patient Outcome 
After Extracorporeal Circulation; Leukocyte Filtration in 
Paediatric Cardiac Surgery; Systemic Leukocyte Filtration 
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during Cardiopulmonary Bypass; Effects of Leukocyte 
Filtration of Blood Transfusion on Postoperative Complica- 
tions; The Therapeutic Benefit of Depleting Blood Poly- 
morthonuclear Cells from Patients with SIRS; Role of 
Leukodepletion in SIRS. 


Abstracts are invited for poster presentations at this work- 
shop. Abstract forms are available from the conference 
centre (address below). Prizes will be awarded to the best 
three abstracts. 


Further details and registration forms are available from: 


Jean Bryant, Manager, Wolfson Conference Centre, Imperial 
College of Science, Technology and Medicine, Ham- 
mersmith Hospital, Du Cane Road, London W12 ONN, UK. 
Tel: +44 (Q) 208 383 3117; Fax: +44 (0) 208 383 2428; 
E-mail: wec @rpms.ac.uk 


Edinburgh Anaesthesia Festival 

Edinburgh, August, 23-25, 2000 

Organized by the Department of Anaesthetics, Royal 
Infirmary of Edinburgh, to coincide with the 2000 Edinburgh 
International Festival of the Arts. The 3-day programme 
consists of lectures and discussion on current topics in 
anaesthesia. The lecturers are from all parts of the United 
Kingdom and represent leading opinions in their field. 


For further information: Edinburgh Anaesthesia Festival, 
University Department of Anaesthetics, Royal Infirmary, 
Lauriston Place, Edinburgh EH3 9YW. Tel: +44 131 536 
3652; Fax: +44 131 536 3672; E-mail: anaes@ed.ac.uk 


The Fifth Annual Symposium of the 
Association for Low Flow Anaesthesia 
Ulm/Neu-Ulm/Germany, September 8-9, 2000 
For further information, please contact: 


Priv. Doz. Dr Uwe Schirmer, Priv. Doz. Dr Thomas Marx, 
Department of Cardiac Anaesthesia, University of Ulm, 
Steinhévelstr. 9, D-89075 Ulm, Germany. 


Tel: +49 731 5021521; Fax: +49 731 5026757; e-mail: 
alfa2000@gmx.net; congress homepage http://www.uni- 
ulm.de/alfa2000. 


XIX Annual Congress of the European 
Society of Regional Anaesthesia Joint Annual 
Congress with EuroPain 8th European 
Conference on Pain Research 

Rome, Italy, September 20-23, 2000 

The congress will be held in the Sheraton Hotel. 

Abstract deadline is June 1, 2000. 

For further information, please contact: 


Options Eurocongress, Ms Dionne Bosma, Rue Washington 
129, B-1050 Brussels, Belgium. 


Tel: +32 2 346 5643; Fax: +032 2 346 5435; 
E-mail: dionne@options.com.cy 


Surfactant 2000 

From Trier to Basle September 23-29, 2000 

This is an international floating congress on the rivers 
Mosel and Rhine. All aspects of surfactant (basic science/ 
clinical applications) will be addressed. 

For further information, please contact: 

Dr B. Lachmann, Department of Anesthesiology, Erasmus 
University Rotterdam, Postbox 1738, 3000 DR Rotterdam, 
The Netherlands. 

Web site: http://www. floating-congress.vet.uu.nl 


13th Annual Congress of the European 
Society of Intensive Care Medicine 

Rome, Italy, October 1-4, 2000 

For further information, please contact: 

ESICM Congress Secretariat, 40 Avenue Joseph Wybran, 
B-1070 Brussels, Belgium. 


Tel: + 32 2 559 0355; Fax: +32 2 527 0062; E-mail: 
public @esicm.org: Internet http://www.esicm.org 


Dingle 2000 - Current Controversies in 
Anaesthesia and Perioperative Medicine 
Dingle, County Kerry, Ireland, October 4-8, 2000 
University College London Hospitals Centre for Anaesthesia 
announce a call for abstracts: there is an opportunity to 
submit work for poster presentation and selected finalists 
will be invited to give an oral presentation (prizes totalling 
£1000). Any research is acceptable provided it has not been 
published in any peer reviewed journal by the abstract 
deadline of 30 June 2000. 

For further abstract and meeting registration details please 
contact: 

Dr Monty Mythen, Centre for Anaesthesia, Room 103, ist 
Floor Crosspiece, Middlesex Hospital, Mortimer Street, 
London, WIN 8AA, UK. 

Tel: +44 20 7380 9477; Fax: +44 20 7580 6423; 

E-mail: uch.acru @btinternet.com 


European Academy of Anaesthesiology 
European Diploma in Anaesthesiology and 
Intensive Care 

Part I (MCQ), October 7, 2000 

(Endorsed by the European Board of Anaesthesiology (EBA) 
of the Union of European Medical Specialists (UEMS) 
This examination will be held in English, French, German, 


Italian and Spanish in Athens, Barcelona, Berne. Budapest, 
Cluj-Napoca, Gottingen, Liège, Ljubjlana, London, Lund, 
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Moscow, Oslo, Paris, Poznan, Riga, Rome, Tel Aviv, 
Uppsala and Vienna. 

Regulations and application forms are available from: 
Examinations Manager, European Academy of Anaesthesi- 
ology, London House, 243 Lower Mortlake Road, Rich- 
mond, Surrey TW9 2LS, UK. 

Tel: +44 (0)208 940 6240; Fax: +44 (0)208 940 6262, E- 
mail: DEAA@compuserve.com; Home page: http://eaa- 
web.eu.org 

The closing date for receipt of applications is May 31, 2000 
(fee: £170) 

Applications received after the closing date or un- 
accompanied by the full fee cannot be accepted and will 
be returned. 


Wood Library-Museum’s Quadrennial 
Laureate of the History of Anesthesia Prize 
Members of the Editorial team of the BJA are pleased to 
announce that, Dr Thomas B. Boulton (UK) and Dr Norman 
A. Bergman (USA) are to be awarded the Wood Library — 
Museum’s quadrennial Laureate of the History of Anesthesia 
Prize at the annual meeting of the American Society of 
Anesthesiologists in October 2000, in San Francisco. 


We offer our hearty congratulations to Dr Boulton, and to 
the family of Dr Bergman, who unfortunately died recently. 


St Bartholomew’s Hospital Choral Society 
Royal Albert Hall, London, UK, November 21, 2000 

St Bartholomew’s Hospital Choral Society celebrates the 
millennium and their 35th anniversary with the Royal 
Medical Benevolent Fund as their chosen Charity for their 
season 2000/2001. 

Mahler’s Symphony No. 8 ‘Symphony of a Thousand’ with 
the Royal Philharmonic Orchestra, Royal Albert Hall, 21 
November 2000. 


It needs a really big choir, splendid orchestra, fine soloists 
and conductor. Six hundred singers are needed for this 
monumental work, 


To participate contact the Barts Choir Honorary Secretary 
om: 


Tel: +44 1628 664157. 
Or to support, details available from: 


The Royal Medical Benevolent Fund, 24 King’s Road, 
Wimbledon, London SW19 8QN. 


Tel: +44 20 8540 9194; Fax: +44 20 8542 0494; 
E-mail: rm.bf@ virgin.net 


lith Congress, Western Pacific Association of 
Critical Care Medicine 
Singapore November 29—December 3, 2000 


This meeting will take place at the Westin Stamford and 


Westin Plaza, Singapore and is organized by the Society of 
Intensive Care Medicine (Singapore). 

For further information, please contact: 

lith WPACCM Congress Secretariat, Academy of Medi- 
cine, Singapore College of Medicine, Building 16, College 
Road, #01-01, Singapore 169854. 

Fax: +65 225 5155; E-mail: monicaw @pacific.net.sg 


19th Annual Symposium Clinical Update in 
Anesthesiology and Advances in Techniques 
of Cardiopulmonary Bypass with 
International Faculty and Industrial Exhibits 
San Juan, Puerto Rico, January 13-20, 2001 

Free Papers will be accepted for oral and poster presentation 
in four categories: (1) monitoring; (11) new pharmacological 
agents; (ili) interesting case reports; (iv) cardiopulmonary 
bypass technology. Abstracts forms are available upon 
request. The deadline for submission is November 1, 2000. 
Tuition will not be waived. Brochure available in June 2000. 


For information and abstract forms contact: Helen Phillips, 
Box 1010, Mt. Sinai Medical Center, One Gustave L. Levy 
Place, New York, NY 10029-6574, USA. 


Tel. +1 212 241 7630; Fax: +1 212 426 2009, E-mail: 
helen_phillips @smtplink.mssm.edu 


2nd International Conference on Pain 
Control and Regional Anaesthesia 

Jaipur, India, February, 2001 

For further information on the congress, please contact: 


Options Eurocongress, Ms Dionne Bosma, Rue Washington 
129, B-1050 Brussels, Belgium. 


Tel: +32 2 346 53 0l; Fax: +32 2 346 36 37; E-mail: 
dionne @options.com.cy 


ESRA 4th Workshop ‘Neural Blockades on 
Cadavers’ 

(European Society of Regional Anaesthesia) 
Innsbruk, Austria, February 22-24, 2001 

For further information on the congress, please contact: 


Options Eurocongress, Ms Dionne Bosma, Rue Washington 
129, B-1050 Brussels, Belgium. 


Tel: +32 2 346 53 O1; Fax: +32 2 346 36 37; E-mail: 
dionne @ options.com.cy 


ESA 8th Annual Congress 


(European Society of Anaesthesiologists) 
Gothenburg, Sweden, April 10, 2001 


Abstracts deadline: December 1, 2000 


For further information on the congress, please contact: 
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Options Eurocongress, Ms Dionne Bosma, Rue Washington 
129, B-1050 Brussels, Belgium. 


Tel: +32 2 346 53 O1; Fax: +32 
dionne @ options.com.cy 


2 346 36 37; E-mail: 


16th Annual Meeting of the European 
Association of Cardiothoracic 
Anaesthesiologists (EACTA) 

Weimar, Germany, May 16~19, 2001 

For further information please contact: 


Anita Akabogy, Congress Department, MCN Medizinische 
Congress-organisation Niirnberg AG, Zerzabelshofstrasse 
29, 90478 Nuernberg, Germany. 


Tel: +49 911 393 16 10; Fax: +49 911 393 16 55; E-mail: 
akabogu@mcn-nuernberg.de; www: http://www. men- 
nuernberg.de 


German Congress of Anaesthesiology 2001 
(DAK 2001) 
Messezentrum Niirnberg, June 13-16, 2001 


International Symposium on 
Anaesthesiological and Surgical Perspectives 
of Ambulatory Surgery in the New 
Millennium 

Stockholm, Sweden, August 30 — September 1, 2001 
For further information on the congress, please contact: 


Options Eurocongress, Ms Dionne Bosma, Rue Washington 
129, B-1050 Brussels, Belgium. 


Tel: +32 2 346 53 0l; Fax: +32 2 346 36 37; 
dionne @ options.com.cy 


E-mail: 


ESRA XX Annual Congress 


(European Society of Regional Anaesthesia) 
Joint Annual Congress with EuroPain 9 European Con- 
ference on Pain Research 


Warsaw, Poland, September 19-22, 2001 
Abstracts deadline: May 15, 2001 
For further information on the congress, please contact: 


Options Eurocongress, Ms Dionne Bosma, Rue Washington 
129, B-1050 Brussels, Belgium. 


Tel: +32 2 346 53 O1; Fax: +32 2 
dionne @ options.com.cy 


346 36 37; E-mail: 


8th World Congress of Intensive and Critical 
Care Medicine 

Sydney, Australia, October 28-November 1, 2001 

For further information please contact: 


Congress Secretariat, 8th World Congress of Intensive and 


Critical Care Medicine, GPO Box 2609, Sydney, NSW 
2001, Australia. 
Tel: +61 2 9241 1478; Fax: +61 2 925] 3552: e-mail: 





iccm@iccmsaust.com.au: website: www icem ausi com 


First World Congress on Regional 
Anaesthesia and Pain Therapy 

Barcelona, Spain, June 5-8, 2002 

For further information on the congress, please contact: 


Options Eurocongress, Ms Dionne Bosma, Rue Washington 
129, B-1050 Brussels, Belgium. 


Tel: +32 2 346 53 O1; Fax: +32 2 346 36 37 
dionne @options.com.cy 


: E-mail: 


German Congress of Anaesthesiology 2002 
(DAK 2002) 


Messezentrum Nürnberg, June 26-29, 2002 


German Congress of Anaesthesiology 2003 
(DAK 2003) 


Messezentrum Nürnberg, June 18-21, 2003 
For further information, please contact: 


Medizinisch Congressorganization Nürnberg AG. 
Tel: +49 911 393160; Fax: +49 911 331204 


Awareness during Anesthesia—The 2000 
Anesthesiology Journal-sponsored Symposium 
at the ASA Meeting 

San Francisco, California, October 17, 2009, 9:00-12:30 


The moderators will be Alex S. Evers MD {Washington 
University, St Louis) and Richard B. Weiskopf MD (Univer- 
sity of California, San Francisco) 

Awareness during anaesthesia is a potential problem of 
concern to clinicians and the public. There are cles 
of patients having been unintentionally awake during 
thesia and surgery and other cases for which ‘av 
was not as Clearly delineated. ‘Awareness’ during an 
sia and surgery can result in ‘post-traumatic 
syndrome’. 

This symposium will include invited speakers and a 
discussion session, as well as an opportunity to view 
selected abstracts. Abstracts in the following areas are 
considered appropriate for submission: 












SIESS 


(i) epidemiology of ‘awareness’ during anaesthesia, 
(ii) monitoring of depth of anaesthesia, 
(iii) prevention of awareness during anaesthesia, 
(iv) treatment of syndromes resulting from awareness duri ng 
anaesthesia. 

Abstracts should be submitted via the regular 
Meeting procedures by April 1, 2000. Online submi 
available, Abstracts requesting consideration for presenta- 


Annual 





Editorial Notices 


tion at this symposium will undergo an additional review 
in addition to the standard ASA abstract review process. If 
you would specifically like your abstract considered for 
inclusion in the symposium, please check the special box 
that can be found on the cover letter/form which must 
accompany your submission. If you need abstract submis- 


sion materials, please contact the American Society of 
Anesthesiologists: 

American Society of Anesthesiologists, 520 N. Northwest 
Highway, Park Ridge, IL 60068-2573, USA. 
Tel: +1 847 825 5586; Fax: +1 847 825 1692; 
E-mail: mail@ASAhq.org Web site: http://www.asahq.org 
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Soft landing 


They say anesthesia is like flying an airplane. 


Taking off and landing are the riskiest phases. 


è Landing your patient softly in recovery 
will never be routine. 
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McMaster University 
Hamilton, Canada 


Cardiac Anaesthesia Fellowship | 


| Applications are invited for a Cardiac Anaesthesia 
| Fellowship at Hamilton Health Sciences Corporation, a 

| tertiary regional cardiac centre serving an area from the 

| Niagara Pennisula to the Bruce Peninsula as well as | 
| Northwestern Ontario. Annual cardiac surgical volume is | 
over 1,300, providing a full range of cardiac surgical | 
| procedures, 










Further information is available on the website: 


http:/Avww-fhs.mcmaster.ca/anaesthesia/education | 
or from Mrs Mary Gahagan, Office of the Chair, | 
Department of Anesthesia, McMaster University, 
HSC-2U1, 1200 Main St W, Hamilton, | 
Ontario, Canada L8N 325 
Tel: 01-905-521-2100 ext. 75166 
l Fax: 01-905-523-1224 

E-mail: gahaganm@fhs.mcmaster.ca 





















SOCIETY FOR AIRWAY MANAGEMENT 


ANNUAL SOCIETY MEETING 
WITH HANDS-ON WORKSHOPS 


JUNE 2 — 4, 2000 


LOEWS LE CONCORDE 
Quebec City, Canada 


Ulrich Braun, M.D., President 
Program Chairman, D. John Doyle, M.D., Ph.D. 


The Society For Airway Management (SAM) has been formed with the 
charter of improving airway management in adults and pediatrics, through 
research and education, Anesthesiologists, critical care specialists, 
emergency medicine physicians, otolaryngologists and CRNA's should 
attend. All aspects of the difficult airway will be covered including special 
cases pertinent to otolaryngologists and emergency medicine physicians. 
Hands-on workshops, taught by members of the distinguished faculty, will 
include training in the following: Adult & Pediatric Fiberoptic Intubation, 
Lung Isolation, Rigid Fiberoptic Laryngoscopy, Direct Laryngoscopy, 
Tracheal Light Wand, COPA, LMA, Airway Nerve Block, Combitube and 
VETT, Cricothyrotomy and Jet Ventilation, Retrograde Intubation, Rigid 
Bronchoscopy, Rigid Laryngoscopy and Airway Tube Exchangers. For 
more information or brochure contact: 





MMC/UCI Center for Health Education 
2801 Atlantic Avenue 
Long Beach, CA 90806 
(562) 933-0100 or 


(562) 933-0101 FAX / britchie @memorialcare.org 
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HEART/LUNG TRANSPLANT ANESTHESIA 
AT UPMC PALERMO 


*(UIstituto Mediterraneo per i Trapianti e Terapie ad Alta 
Specializzazione) 


The University of Pittsburgh Department of Anesthesiology/CCM 
seeks attending anesthesiologists with fellowship training (or 
equivalent), for clinical O.R. care of heart/lung transplant recipients in 
Palermo, Italy. Exciting joint venture of UPMC Health System and 
the Italian Government. Position involves full time faculty appointment 
(all ranks) at the University of Pittsburgh, as well as an extremely 
attractive salary, benefits, and relocation allowance. 


Send curriculum vitae and references to: 


Leonard Firestone. M.D. 
Safar Professor and Chairman 
Department of Anesthesiology/CCM 
University of Pittsburgh 
A-1305 Scaife Hall 
Pittsburgh. PA 15261 
Fax: (412) 648-1887 
E-mail: firestone @anes.upme.edu 


Meeting Announcement 


TEMPERATUREAND ACUTE CARE 
Chaired by: Dr Mahesh Shah 


Thursday, 29 June 2000 
Rupert Beckett LectureTheatre, University of Leeds 


Thermoregulation and Anaesthesia 
Dr Charles Deakin, Southampton 


Effects of Temperature Changes on Organ Systems 
Dr Angus Crossley, Derby 










Temperature Regulation in the Critically ill Patient 
Dr Andrew T Cohen, Leeds 






Techniques to Regulate and Measure Temperature 
Dr Bryn Baxendale, Nottingham 


Temperature Care in the Accident and Emergency Dept 
Mr Paul Grout, Hull 


TEMPERATURE AND WOUND CARE 
Chaired by: Professor Leaper, North Tees 














Does Warming Therapy Prevent Pressure Ulcers? 
Ms Eileen Scott, North Tees 






Post Surgical Wound Infections in Day Case Surgery 
Mr Andy Melling, North Tees 


CME approval and RCN accreditation bas been applied for 


Registration Fee: £60.00 medical; £30.00 nursing 
Cheques made payable to “Leeds Anaesthetic Meeting” 
SUPPORTED BY AN EDUCATIONAL GRANT FROM ACTAMED 
Please contact : Jennie Smith, Dept of Anaesthesia, 

Leeds General Infirmary, Great George Street, Leeds LS1 3EX. 


Tel: 0113 392 6672. Email:gmithie@ulch.northy nhs.uk 
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System 5 





New awakening 


System 5 is Datex-Ohmeda’s new product family. It holds everything 


we know about anesthesia and critical care. From pre-operative 


assessment to recovery. D) Datex- Ohmeda 


Contact your nearest Datex-Ohmeda partner. Let's discuss Devoted 


System 5 and new opportunities. 
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Editorial I 


Opioids in paediatric cardiac anaesthesia 


In the last decade or so, informed opinion regarding 
the optimal timing of corrective surgery for infants with 
symptomatic congenital heart disease has undergone a 
highly significant revolution. Rather than the previous 
strategy of initial palliation followed by correction in early 
childhood, current ‘best practice’ now usually results in 
primary repair within weeks of birth. This radical change 
in surgical practice, together with an improved understand- 
ing of neonatal cardiorespiratory pathophysiology, has 
required paediatric cardiac anaesthetists to re-examine critic- 
ally their anaesthetic techniques for neonates and young 
infants. Relative acceptance of peroperative haemodynamic 
instability has been replaced by an appreciation that it is 
only against a background of cardiovascular stability that 
appropriate manipulations of cardiac output and systemic 
and pulmonary vascular resistances can achieve optimiza- 
tion of perfuston and oxygenation. 

This basic requirement for cardiovascular stability during 
cardiac anaesthesia has resulted in the widespread use of 
highly potent opioids, as their administration can substan- 
tially reduce the neurohormonal response to surgical stress 
and cardiopulmonary bypass (CPB).! High concentrations 
of circulating catecholamines peroperatively can cause sig- 
nificant postoperative myocardial dysfunction, due to an 
increase in ventricular afterload, adrenergic signal transduc- 
tion failure, and exacerbation of reperfusion injury.” * 
Experimentally, the neonatal animal appears particularly 
susceptible to catecholamine-induced myocardial injury.>® 
Moreover, clinical studies have shown that neonates having 
cardiac surgery who die in the postoperative period often 
demonstrate higher hormonal and metabolic responses dur- 
ing the intra- and post-operative periods compared with 
‘matched’ survivors.!7 However, although some elevation 
of circulating stress hormones is a normal adaptive response, 
it remains uncertain at what level this becomes detrimental. 
Thus, whilst blunting the extremes of the stress response 
appears a laudable aim, complete elimination is probably 
undesirable. It is likely that sick neonates with congenital 
heart disease are at least partially dependent on their 
relatively high levels of sympathetic stimulation and endo- 
genous catecholamines for maintenance of their cardiac 
output. 
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It is unsurprising, therefore, that a high dose of a 
potent opioid usually forms a major part of most cardiac 
anaesthetics. However, the term “high dose” is open to 
varying interpretation, as there has been very little work to 
suggest what is the optimum dose of drug to use 1n this 
situation. The study by Duncan and colleagues reported in 
this issue of the journal attempts to answer this question. 
They used five different doses of fentanyl in their study, 
and demonstrated that increasing the dose of fentanyl to 50 
ug kg“! or above appears to confer no additional benefit, 
in terms of reduction of stress hormone concentrations, 
compared with that produced by fentanyl 25 ug kg`!. These 
results are comparable to those demonstrated in adults 
undergoing coronary artery surgery, who were given a high 
dose of fentanyl or sufentanil.? Here also, no evidence was 
found of a dose-response relationship between suppression 
of the haemodynamic and hormonal stress response and the 
opioid dose, when fentanyl was given in a dose of 50 ug 
kg or more. 

In contrast to previous studies, this study concentrated 
solely on the pre-CPB period. This has obvious advantages 
for data collection, though at first glance it would appear 
to restrict the overall clinical applicability of their results. 
However, as the authors have remarked, it is illogical to 
treat the pre-CPB, CPB and post-CPB periods in the same 
way, as anaesthetic requirements will vary significantly 
between the various phases of the operation.!° The concen- 
tration in vessel-rich tissues of any drug that is given by a 
single bolus injection before surgery commences will 
decrease significantly during CPB due to haemodilution, 
drug sequestration, and changes ın protein binding. Further- 
more, fentanyl has a marked tendency to bind to the surfaces 
of the CPB circuit. Hence, additional opioid will be 
required during the CPB period. As the authors readily 
admit, one other complicating factor separates out this study 
from all others: their time from the induction of anaesthesia 
(IA) to the initiation of CPB was only 35 to 60 min. Many 
other centres will have a longer JA—-CPB time than this, so 
that significant redistribution of fentanyl from vessel-rich 
to vessel-poor tissues will have occurred by the time of 
sternotomy, if the drug ıs given soon after induction of 
anaesthesia, Hence, it may be prudent to delay, at least 
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partially, the administration of fentanyl until just before 
surgery commences. 

Clinical studies in adults,’ children’? !3 and infants!* have 
shown that no particular dose or plasma concentration of 
opioid reliably and completely controls the haemodynamic 
and hormonal responses to noxious stimuli in all patients. 
The data produced by Duncan and colleagues tends to 
corroborate these previous findings, and the authors confirm 
that there is no advantage to be gained in increasing the 
dose of fentanyl above 50 pg kg. It would appear, 
therefore, that some autonomic and endocrine responses are 
not susceptible to opioid receptor agonism, though animal 
studies using fentanyl 3000 ug kg"! suggest that surgical 
anaesthesia may be theoretically possible at extremely high 
plasma concentrations.'° Moreover, as high doses of opioids 
may induce acute tolerance,!® it would appear reasonable 
to use a more moderate dose, together with other anaesthetic 
agents or vasoactive drugs as indicated. The combination 
of a high-dose opioid with a low dose of a potent inhalational 
anaesthetic agent,!” nitrous oxide!” or a benzodiazepine!® 
appears to provide a better suppression of the stress response 
than giving a high dose of opioid alone. Duncan and co- 
workers have demonstrated that fentanyl 25 ug kg, when 
administered in conjunction with 0.5% isoflurane, is suffi- 
cient to ablate the stress response in most patients for at 
least 60 min.® 

Are there any problems associated with giving an unneces- 
sarily high dose of opioid? Respiratory depression and excess- 
ive sedation in the postoperative period may be a problem if 
fentanyl is given in very high dosage to infants, but that 
argument is not applicable if the newer opioids such as alfen- 
tanil and remifentanil, which have much shorter context- 
sensitive half times, are used. Alfentanil and remifentanil 
both have to be given by infusion, an advantage when, as 
discussed above, the opioid dose needs to be tailored to the 
different phases of the operation. Moreover, the tendency of 
alfentanil and remifentanil to adhere to the surfaces of the 
CPB circuit is less marked than that of fentanyl, and their 
pharmacokinetics during and after CPB are much more 
predictable.!9 2° Hence, other than being relatively cheap, 
fentanyl has no particular advantages over its more modern 
derivatives. However, even though alfentanil is about twice 
the price of an equipotent dose of fentanyl, and remifentanil 
about twice the price of alfentanil, the relative cost of any of 
these drugs compared with the overall cost of cardiac surgery 
remains insignificant. Although there are no significant differ- 
ences between these drugs in terms of their acute pharmaco- 
dynamic effects, their pharmacokinetic profiles are dissimilar, 
and the continued use of fentanyl in cardiac anaesthesia often 
owes more to habit than to logic. 

Another reason given by Duncan and colleagues for advoc- 
ating the use of a minimum effective dose of opioid, rather 
than a dose in excess of that required, is the effect that opioids 
have on the immune system.’ Although there is no direct 
evidence that peroperative administration of a high dose of a 
short-acting opioid produces clinically significant postopera- 


tive immune suppression, the potential for such drugs to 
produce a profound alteration in normal immune system 
function seems undeniable.?! Another reason, perhaps, for 
using a short-acting opioid is that it does not have a tendency 
to sequester in adipose tissue. Whichever potent opioid is 
used peroperatively, postoperative analgesia for the majority 
of patients is conventionally provided by morphine, which 
not only is cheap, but also allows a smoother transition to 
the resumption of spontaneous respiration by the patient. 
However, patients requiring postoperative suppression of 
neuro-hormonal activation, such as those with severe pul- 
monary hypertension, may benefit from a prolongation of 
their potent opioid infusion until resolution of their problem. 

Duncan and colleagues have established that, when used 
in conjunction with 0.5% isoflurane, the optimum pre-CPB 
dose of fentanyl for infants is between 25 and 
—50 ug kg`!.8 Moreover, the data from their study can be used, 
in conjunction with comparative opioid potency data,” ? to 
predict the required dose of other potent opioids. Further 
information as to whether the opioid dose administered has 
been sufficient to ablate the patient’s stress response can be 
gleaned by monitoring of both haemodynamic parameters 
and, in the pre-CPB phase at least, blood glucose concentra- 
tions. Duncan and colleagues confirm previous observations 
made on infants having non-cardiac major surgery% that 
suggested that the blood glucose concentration provides a 
clinically useful contemporaneous quantification of the 
patient’s stress response. Unfortunately, the inevitable 
increase in glucose concentrations during and after CPB, 
which may occur in the absence of other neuro-hormonal 
activation, precludes this method being applicable throughout 
the procedure. 

Although it is now possible to administer extremely high 
doses of opioids to infants having cardiac surgery without 
any danger of provoking excessive postoperative sedation or 
respiratory depression, the study by Duncan and colleagues 
in this issue of the journal? has demonstrated that there appears 
to be little reason for doing so. Their paper provides us with 
the data that will enable us to prevent our patients mounting 
an excessive neuro-hormonal stress response, without our 
having to administer a disproportionate dose of opioid. 
Although regional anaesthesia may offer ablation of the stress 
response without immune suppression,* the technical diffi- 
culties inherent in placing thoracic epidurals in infants about 
to be heparinized make this technique unlikely to become the 
method of choice for the foreseeable future. Hence, further 
studies examining the relative efficacy of the newer opioids 
in modulating the neuro-hormonal stress responses of infants 
before, during and after CPB are now required. 


P. D. Booker . 

Royal Liverpool Children’s NHS Trust 
Eaton Road 

Liverpool L12 2AP 

UK 
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Editorial II 


Off-pump coronary artery surgery and the brain 


Off-pump coronary artery bypass grafting (CABG), which 
is surgery on a beating heart without the support of 
cardiopulmonary bypass (CPB), is currently attracting a lot 
of interest.!~’ In this issue of the journal a study by Watters 
and colleagues! suggests that off-pump CABG surgery 
results in less cerebral embolic load than when the surgery 
is undertaken with CPB and should, therefore, result in less 
brain damage. This editorial outlines the reasons for the 


traditional use of CPB for CABG surgery and the attractions 
of conducting surgery ‘off-pump’. In particular, it will 
discuss the reasons why CPB may cause brain damage and 
why off-pump CABG surgery should result in less injury. 
It will explain the importance of the study by Watters and 
colleagues! and why it should be interpreted with caution. 
Finally, there is a plea for randomized designs to be used 
in all future studies of CPB versus off-pump CABG surgery 
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CABG surgery and CPB 


The original motivation for developing CPB more than 
45 yr ago was to allow the surgical treatment of congenital 
heart conditions and, subsequently, heart valve disease. 
Although CPB continues to be used for these purposes, it 
is currently used far more frequently for CABG surgery 
and every year it is used in hundreds of thousands of 
patients worldwide. CPB allows cardiac and pulmonary 
functions to be supported mechanically whilst the heart is 
isolated from the circulation by aortic cross-clamping and 
is rendered asystolic by cardioplegia or at least relatively 
stilled by ventricular fibrillation. The surgeon can then 
anastomose venous or arterial conduits to coronary arteries 
in a quiet and bloodless field, secure in the knowledge that 
the patient’s life is supported by CPB. 


Off-pump CABG surgery 

Why then 1s there now such interest in undertaking CABG 
surgery without CPB on a beating heart? Certainly, off- 
pump CABG surgery is neither for the timid surgeon nor 
for the faint-hearted anaesthetist. The surgeon has to perform 
coronary anastomosis in a bloody field and often with less 
than ideal exposures. Moreover, surgery is performed on a 
beating heart, albeit with the aid of instruments developed 
to stabilize the coronary artery, and with the knowledge 
that the dependent myocardium may be becoming more 
ischaemic with every extra minute taken. For the anaesthet- 
ist, gone is that golden hour and more when one’s mind 
could drift as the patient’s circulation and gas exchange 
were supported by CPB. Instead, the anaesthetist has to 
watch as the surgeon, using skills seemingly learnt from 
professional wrestlers, locks the heart into very unnatural 
positions in which it would seem most unlikely that there 
could be any cardiac output. Unsurprisingly, cardiovascular 
collapse can ensue rapidly and ventricular fibrillation can 
occur in a blink of the eye. Such surgery demands an 
extremely high level of vigilance on the part of the anaesthet- 
ist and the ability to quickly support the circulation pharma- 
cologically or to defibrillate the heart. To do such things 
might seem a strange form of professional masochism 
or machismo. However, anaesthetists and surgeons are 
motivated to avoid CPB by the promise of lower morbidity 
and less use of resources. 

Without CPB, a perfusionist is not required and there is 
no expenditure on the disposables for the CPB circuit and 
oxygenator. Presently, these savings are somewhat illusory 
as, ın our unit at least, we have not reached the stage where 
off-pump surgery is undertaken without a CPB circuit being 
primed and ready to use along with a perfusionist on 
standby within the theatre suite. CPB savings are offset by 
the not inconsiderable expense of the special retractors that 
are required to allow fixation of the coronary artery during 
anastomosis. Furthermore, not all patients have a pattern of 
coronary artery disease that is suitable for off-pump CABG 
surgery. However, some savings can be made if the off- 


pump surgery is undertaken on the first patient and the 
CPB circuit is then used for a subsequent case. A more 
tangible saving is that off-pump surgery takes less operating 
time,?~ and this might allow greater throughput of patients. 
Even more attractive is that the time required in the intensive 
care unit, and the total hospital stay, could be reduced,>* 
probably through a reduction in complications.4 7 CABG 
surgery is associated with many serious complications that 
are ascribed to CPB, 47 including dysfunction of the 
cardiovascular, pulmonary, renal, coagulation and inflam- 
matory systems and, of particular importance to this editor- 
ial, brain damage. 


Brain damage and CABG surgery 


Overt neurological damage such as stroke is relatively rare, 
with an incidence of about 3% in patients having CABG 
surgery using CPB. However, more subtle neurological 
deficits, such as primitive reflexes, ataxia and sensory loss, 
can occur in more than 60% of patents,™!! and for this 
reason these are increasingly being used as measures of 
cerebral outcome.!®!2 Brain damage can also be measured 
by changes in cognition. At about 1 week after surgery, the 
incidence of cognitive deficits can be as high 90%.? !! 
Whilst some of these deficits signal cerebral injury, many 
represent background noise as a result of pain, analgesic 
drugs and fatigue resulting from disturbances of sleep. A 
far better signal-to-noise ratio is obtained about 1-3 months 
after surgery, when the incidence of cognitive decline can 
be as high as 50%!! and, importantly, the deficits are most 
likely permanent. Clearly, brain damage is associated with 
CABG surgery and the manifestations are wide. 


Aetiology 


Cerebral hypoperfusion during CPB has long been believed 
to be a cause of cerebral damage. Indeed, Croughwell and 
colleagues have found a weak association between a global 
estimate of cerebral hypoperfusion—jugular bulb oxyhaemo- 
globin desaturation—and cognitive decline. Desaturation 
occurred during the rewarming phase of hypothermic CPB, 
and probably represents an imbalance between cerebral 
oxygen supply and demand. Moreover, cerebral hypoper- 
fusion may not be confined to CPB as prolonged periods 
of jugular bulb desaturation have been found to occur in 
many patients during the early postoperative period.!¢ 
Multifactorial. Recently, a number of other mechanisms 
have been put forward, including genetic predisposition, !> 
nitric oxide,!® glutamate excitotoxicity!® and inflamma- 
tion.!” As there appears to be more than one smoking 
gun, it seems likely that the aetiology is multifactorial. !? 
However, one factor that stands out is cerebral embolization. 
Macroemboli are most probably the cause of overt 
neurological injury such as stroke and can arise from 
intracardiac air or thrombus, atheromatous plaques dis- 
lodged from the aorta during clamping and cannulation, 
and calcific debris from valve excision. For these reasons, 
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there is a very high incidence of stroke associated with 
combined heart valve and CABG surgery.!® 

Microemboli, which can be gaseous or particulate, are 
probably the cause of cognitive and subtle neurological defi- 
cits. Transcranial Doppler ultrasound imaging of the middle 
cerebral artery can be used to quantify the numbers of emboli 
reaching the brain,!9 2° but it cannot determine their nature. 
Gaseous microemboli are generated in the CPB circuit as a 
result of direct interfacing between blood and gas, and by the 
interventions of the perfusionist.!? Microparticulate emboli 
can arise from spallation of the inner surface of pump tubing, 
especially that made with silicon, by roller pumps; lipids in 
blood salvaged from the pericardium;*! fracturing of athero- 
matous plaques by cannulation or cross-clamping of the aorta; 
and scouring of an atheromatous intima by the outflow from 
the aortic pipe.? Crucially, regardless of their nature, the 
number of cerebral microemboli measured by transcranial 
Doppler ultrasound is related to cerebral damage as measured 
by the cognitive outcome.” 


Watters and colleagues’ study! 


One of the most obvious ways of reducing the generation of 
microemboli during CABG surgery would be to avoid CPB.? 
Indeed, using transcranial Doppler ultrasound in a small 
population of 20 patients, Watters and colleagues have found 
this to be exactly the case.! However, as they did not examine 
the neurocognitive outcome, it cannot be determined whether 
the lower embolic load was associated with less cerebral 
injury. This limitation notwithstanding, the findings of Wat- 
ters and colleagues! are important as they give weight to the 
hypothesis of Murkin and colieagues that off-pump CABG 
should reduce cerebral injury by reducing the cerebral 
embolic load.? 

Other evidence supporting the hypothesis that off-pump 
CAB surgery is less harmful comes from a study by Anderson 
and colleagues, which compared the cerebral effects of CPB 
and off-pump CABG surgery by measuring serum $100 pro- 
tein.” This 1s released from astroglial cells after injury, and 
serum concentrations of the protein after stroke and head 
injury are prognostic of the cerebral outcome.” *4 Anderson 
and colleagues found that concentrations of $100 protein 
were lower in patients having CABG surgery off-pump com- 
pared with those having CPB. However, although $100 pro- 
tein concentrations are elevated during CPB, they have not 
been found to be highly specific with respect to the cognitive 
and neurological outcomes, and there may be reasons other 
than cerebral injury for its elevation.!? 

To find definitive answers, the outcome has to be examined 
using a robust study design. In a preliminary report of a study 
in progress, Murkin and colleagues have found a dramatic 
reduction in the incidence of cognitive dysfunction 3 months 
after surgery from 50% in patients undergoing CABG surgery 
with CPB to 5% in off-pump patients.? However, they used 
a non-randomized design. Patients having off-pump surgery 
had fewer mean numbers of coronary anastomoses than those 


with CPB (3.2 vs 1.1), and the authors were clearly comparing 
different populations. Patients with less coronary artery dis- 
ease may well have less cerebrovascular disease and aortic 
atherosclerosis and so are less predisposed to cognitive 
decline. By contrast, Taggart and colleagues also compared 
cognitive outcome in patients undergoing CABG surgery with 
and without CPB, but they found no significant difference 
between the groups.? Again, non-randomization is the most 
important of several reasons why the study 1s inconclusive, 
and Murkin’s commentary should be read along with the 
study.” 

So, whilst the study by Watters and colleagues! indicates 
that off-pump CABG surgery is associated with less cerebral 
embolic load and that of Anderson and colleagues?” implies 
that it ıs associated with less cerebral injury, the outcome 
studies by Taggart and colleagues* and Murkin and col- 
leagues? are contradictory. Because all of these studies are 
methodologically flawed by a non-randomized design, it is 
still unclear whether avoiding CPB reduces cerebral morbid- 
ity from CABG surgery. 


Conclusions 


The putative benefits of off-pump CABG surgery for the 
brain remain incompletely investigated. Similarly, there has 
been no systematic, rigorous, scientific evaluation of the 
potential benefits of off-pump surgery for the heart, lungs, 
kidneys and the coagulation and inflammatory systems. 
Moreover, whether the equivalent quality of coronary ana- 
stomosis can be achieved during beating-heart surgery, as 
when using CPB, requires clarification. Without doubt, devel- 
oping anew technique requires a major degree of commitment 
by both the surgeon and anaesthetist. Inevitably, there will be 
a learning curve before any new technique is mastered, and 
until ıt has been mastered there is little point ın comparing 
the new with the standard method. However, that tme must 
be fast approaching and future studies comparing CPB and 
off-pump CABG surgery should employ robust study designs 
to establish whether or not the hypothesized benefits of beat- 
ing-heart surgery to the brain and other systems really exist. 
CABG surgery, using CPB, had long been established as 
standard clinical practice before randomized controlled trials 
confirmed its beneficial effects upon longevity in patients 
with certain patterns of coronary disease and ventricular func- 
tion. Let us hope that this will not also be the case with off- 
pump CABG surgery and that early randomized controlled 
trials will be undertaken. 

R. Peter Alston 

Department of Clinical and Surgical Sciences 

University of Edinburgh 

Department of Anaesthetics 

Royal Infirmary of Edinburgh 

1 Lauriston Place 

Edinburgh EH3 9YW 
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Editorial M 


Qualitative research in health care 


The standing of anaesthesia as a medical specialty has been 
underpinned by a long-standing commitment to its scientific 
foundations through sound research. This principle — that 
medical practice should be “evidence based’ — has recently 
received great emphasis. So-called ‘levels of evidence’ have 
been identified,! and clinical guidelines based on analyses 
of hierarchies of quantitative evidence are now the order 
of the day.!? In a typical hierarchy of this kind, Level I is 
described as ‘evidence from at least one well-designed 


randomized controlled tnal’ and ‘systematic reviews with 
meta-analvses of the data from multiple randomized con- 
trolled trials (RCTs)’. Level II is designated as evidence 
from ‘well-designed controlled trials without randomiz- 
ation’ (II-1), ‘well-designed cohort or case-control analytic 
studies’ (U-2), and ‘evidence from comparison between 
times and places with or without the intervention or dramatic 
results from uncontrolled studies’ (II-3). The lowest level 
(Il) is assigned to the ‘opinions of respected authorities, 
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based on clinical experience, descriptive studies or reports 
of expert committees’.! Formal methods of qualitative 
research are ignored, or at best, included by implication 
within level HI. 


What is qualitative research? 

Qualitative research seeks an understanding of life events. 
As quantitative research might ask ‘how many’ patients 
failed to appear for their operations, qualitative research 
might try to determine ‘why’ those patients defaulted. One 
of the characteristics of qualitative research is its focus 
on natural (or ‘real world’), rather than experimental or 
controlled, settings. Data are typically obtained from people 
actually participating in a given situation. The standard 
sampling methods of quantitative research have a recognized 
place in qualitative research, but often qualitative sampling 
endeavours to identify specific groups of people who have 
certain characteristics, live certain types of lives, or have 
certain points of view. Thus, in the above example, many 
of the patients who failed to arrive for their operations at 
the hospital in question may have done so because they 
were of a particular occupational group, and had the 
attributes, attitudes and constraints associated with that 
occupation. In qualitative research the emphasis is often 
local; specific conclusions (e.g. that many non-attendees 
were businessmen) might not be applicable to wider popula- 
tions, whereas more general insights could well be true 
(e.g. that factors related to occupation may be relevant to 
attendance for surgery). In this way, theories can be 
developed with qualitative research, by induction; using 
quantitative research methods, the same theories may then 
be tested, deductively.* 

Qualitative research methods are numerous and well 
described.** The theoretical basis of qualitative research is 
as sophisticated as that of quantitative research, but many 
of the techniques are relatively accessible and have obvious 
relevance to our specialty. In qualitative research, ‘observa- 
tion’ is used to detail the lives and conversations of people — 
an approach which has resonance with the observational 
methods that underpin much of our knowledge of disease 
processes. The researcher may choose from a spectrum of 
observational styles. These range from watching overtly 
(recognized as an observer of the group, with no participa- 
tion), to watching covertly (recognized only as a participant 
in the group, not as an observer). 

Interviews and questionnaires range from the structured, 
with ordered lists of standardized questions, to the in-depth, 
with open-ended discussions, the direction of which is 
substantially determined by the interviewee. The aim of the 
open-ended discussion is to elucidate the subject’s own 
(often unpredictable) framework of meaning and to avoid 
the imposition of the researcher’s assumptions on the 
process. This may be contrasted with clinical history taking, 
in which the objective is to fit the facts into a predetermined 
category of disease. Focus groups (frequently used in 


advertising and politics) are a form of interview which 
makes use of group interaction. Group processes can help 
participants to explore and clarify their views interactively, 
and can access forms of communication (e.g. humour) more 
characteristic of everyday life than of one-on-one interviews. 
Synthesizing the data from several focus groups can provide 
different perspectives on the same issue — for example, 
those of chronic pain patients, female general practitioners, 
and academic specialists in relation to medical competence.’ 

Consensus methods are the ‘meta-analyses’ of qualitative 
research. Their aim is to determine the extent of agreement 
within a defined group concerning a particular issue — the 
causes of delays in the operating room, for example.® 
Consensus methods permit the inclusion of evidence from 
a wider range of sources than would be possible with a 
quantitative meta-analysis. Formal techniques are used to 
minimize the risk of dominance by an individual or subgroup 
with a possible vested interest. Anonymity, iteration and 
controlled feedback facilitate progression from entrenched 
or long-held views, and statistical measures may be used 
to provide more information about the average and disper- 
sion of the group’s response than a consensus statement on 
its own. 


How does qualitative research differ from 
quantitative? 

One of the strengths claimed for qualitative research is that 
its findings have ‘validity’ for a given dividual or group 
of individuals.* In other words, qualitative methods show 
how people actually behave and think in everyday environ- 
ments, whereas much quantitative research is carried out in 
highly controlled, sometimes even contrived environments, 
and may have little application to the ‘real world’ of clinical 
medicine. In contrast, two of the strengths claimed for 
quantitative methods are ‘reliability’ and ‘objectivity’. 6 In 
fact, none of these characteristics can be assured simply on 
the basis of the type of research involved. There is no 
reason why qualitative research should not be reliable, or 
why quantitative research should rate poorly on validity. 
On the other hand, not all quantitative research is necessarily 
reliable or even particularly objective. For example, the use 
of numeric methods (visual analogue scores and PCA 
estimates of opioid consumption) does not necessarily 
diminish the subjectivity of the phenomenon under investi- 
gation (assessment of pain). Poor statistical methods have 
long been a widespread problem in medical research? — 
and, even if correctly calculated, distinguishing statistical 
from clinical significance may require (subjective) 
judgement. 

A systematic review or meta-analysis can only be as 
good as the RCTs on which it is based, and there are many 
pitfalls in the design and conduct of an RCT. A review of 
108 (predominantly quantitative) studies of pain control 
after thoracotomy identified only 32 that could be reliably 
interpreted.!° Indeed, the ‘evidence-base’ for much contem- 
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porary clinical practice goes unheeded or is itself question- 
able. In some situations, practitioners may be unaware of 
new evidence, and this is one of the problems which 
systematic reviews attempt to address, particularly those 
updated regularly by organizations such as the Cochrane 
Collaboration. Unfortunately, differences may occur 
between the conclusions of individual smaller RCTs, differ- 
ent meta-analyses, or a given meta-analysis and a subsequent 
larger RCT.!! Typically, RCTs address one specific issue 
whereas clinical decisions usually require a synthesis of 
(occasionally conflicting) information and objectives. Clin- 
ical practice is often based predominantly on personal 
experience (of the practitioner or his or her teachers) and, 
indeed, there are times when personal experience should 
rightly be considered no less important than science.!? 

Of course, qualitative research has as many problems as 
quantitative research. For example, it is particularly prone 
to the Hawthorne effect (or the ‘effect on the behaviour of 
the subjects of the watcher watching’) and to the risk of 
observer bias. When first considering qualitative research, 
some anaesthetists might experience understandable dis- 
couragement when confronted with some of its more arcane 
terminology (e.g. ethnomethodology) and some of its 
philosophical links (e.g. to feminism, positivism and even 
Marxism).° Nevertheless, qualitative research is as capable 
as quantitative of providing insights into, information about, 
and understanding of our patients, our practices and the 
world in which we live. There is clearly a continuum 
between qualitative and quantitative research, and it seems 
self-evident that the two techniques complement each other. 
Qualitative research is often an essential preliminary to 
quantitative work. For example, it would be important to 
understand patients’ definition of such words as ‘anxious’, 
‘worried’ and ‘nervous’ before conducting a study related 
to the effect of preoperative information on ‘anaesthetic 
risk’. Qualitative research can also supplement quantitative. 
The term ‘triangulation’ describes the idea of evaluating 
the same issue from different perspectives, through the use 
of more than one research method, to increase the range of 
information and improve the validity of the results. Thus, 
the same anaesthetic researchers might use a questionnaire, 
focus groups and galvanic skin response to assess preoperat- 
ive anxiety about the risk of anaesthesia. Most importantly, 
qualitative research can be used to explore phenomena 
which quantitative methods cannot (and conversely). Pro- 
moting either approach to the exclusion of the other serves 
only to ensure an incomplete picture of the phenomena 
under investigation. 


Why should anaesthetists carry out qualitative 
research? 

If therapy is to succeed, understanding the issues related to 
practitioners’ actual behaviour (as opposed to descriptions 
of ‘best practice’),!> 14 and to patients’ expectations!" 
and compliance are as important as the quantitative data 


concerning the efficacy of various techniques and treat- 
ments. In particular, we have neglected to ask those who 
are most concerned with treatment — our patients — about 
their views, or we have done so only in limited and highly 
structured ways.!> As an example, in a recent set of 
(otherwise very useful) guidelines published by The Royal 
College of Anaesthetists, the section entitled ‘Patient’s 
Perspective’ acknowledges the lack of relevant data.? On 
the other hand, reports concerning the personal experiences 
of patients are often highly illuminating, and provide a 
unique and valuable insight into the doctor-patient inter- 
face.!6 17 A lack of understanding of the patient’s perspective 
may be particularly problematic in relation to the provision 
of informed consent. There has been a shift of legal opinion 
away from the Bolam test, which placed considerable 
weight on what the ‘reasonable doctor’ thought patients 
‘ought’ to be told, towards a test based on what the 
‘reasonable patient’ would ‘want to know’ in the circum- 
stances. !8 This presupposes considerable insight into the 
mind of the person giving consent. The amount of informa- 
tion given in any situation continues to be a matter of 
opinion, but the opinion at stake is that of the patient — 
something omitted altogether from most hierarchies of the 
evidential basis for practice. 

Although further improvements to anaesthetic agents and 
monitors may be around the corner, we could do better 
with those already to hand. Achieving safety in anaesthesia 
depends as much on the behaviour and environment of 
anaesthetists as on their knowledge, drugs or equipment. In 
this we are no different from other medical specialties. The 
extent of the problem of accidents and negligence in 
healthcare! raises questions about the culture of hospitals, 
the motivations of practitioners, the interactions of different 
health professionals with each other and their patients, 
and the factors which predispose to hazardous behaviour. 
Tragedies continue to occur in anaesthesia, through failing 
to check the machine before starting a list;?° tolerating 
inadequate assistance during anaesthesia;?! working when 
fatigued;” giving the wrong drug;'* leaving anaesthetized 
patients unattended;” and failing to provide adequate super- 
vision to junior staff.24 Progress could be made towards a 
better understanding of these important issues with relatively 
concrete anc straightforward qualitative methods. 


Important caveats 


There must be a venue for publication of good qualitative 
studies in anaesthesia. Unless there is a home within 
the reputable anaesthetic literature for relevant qualitative 
research, such work will be published elsewhere or simply 
not performed, and it will be lost to practising clinical 
anaesthetists. Of 261 articles concerned with humans pub- 
lished between July 1998 and June 1999 in the British 
Journal of Anaesthesia, 207 investigations were primarily 
prospective trials (92 of which were controlled and random- 
ized), 25 were reviews (three of which were systematic, 
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including two with meta-analyses), 26 were case reports 
and three were surveys. One of the surveys was the only 
article that referred explicitly to qualitative data (as well as 
quantitative), and to a qualitative method of data analysis.” 
The outstanding feature of qualitative research published 
in this journal is its paucity. 

The value of research must be judged not by its category 
but rather by the interest, meaningfulness and importance 
of its results, and by the appropriateness and rigour of the 
methods used. Nevertheless, if anaesthetists are to embrace 
qualitative research, the high standards we have come to 
expect in quantitative studies must be maintained. Qualitat- 
ive studies need to be evaluated just as critically as 
quantitative. Criteria for this purpose have been published 
and, in essence, are not dissimilar to those pertaining to 
quantitative research. 2” Poorly conceived or executed 
research must be rejected, but qualitative research should 
not be discarded because the reviewers are biased or 
unfamiliar with it. It follows that journal editors will 
need reviewers who are familiar with, and able to assess, 
qualitative methods. 

In conclusion, more published reports of peer-reviewed 
qualitative studies are needed in the anaesthetic literature 
if anaesthetists are to develop a full understanding of the 
nature of anaesthetic practice, and to address important 
questions about the behaviour of themselves and their 
patients. We should support research which addresses the 
beliefs, perceptions and motivations which influence how 
we and our patients participate with each other, as well as 
research which quantifies the impact of our interventions. 
Healthcare ought to be appropriate and desired as well as 
effective. In achieving these objectives, the evidence from 
qualitative research is no less important than that from 
quantitative studies. 
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High-dose opioids are advocated for paediatric cardiac surgery to suppress stress responses 
but they can produce unwanted side effects. There are no data on the dose-dependent effects 
of opioids on the stress response on which to base rational opioid administration, We 
conducted a dose ranging study on 40 children less than 4 yr undergoing elective open heart 
surgery using one of five fentanyl doses: 2, 25, 50, 100 or 150 ug kg! before surgery. The 
standardized anaesthetic also included pancuronium and Isoflurane. Blood samples were taken 
at induction, before incision, after sternotomy, immediately before, and at the end of 
cardiopulmonary bypass. Patients in the 2 ug kg! group had significant rises in pre- 
bypass glucose (P<0.01), pre- and post-bypass cortisol (P<0.01), and pre- and post-bypass 
norepinephrine (P<0.01). No significant rise occurred in glucose, cortisol and catecholamines 
in any of the higher dosage groups. Patients in the 2 ug kg group had significantly higher 
mean systolic blood pressure (P<0.02) and heart rate (P<0.04). A balanced anaesthetic 
containing fentanyl 25-50 pg kg™! ts sufficient to obtund haemodynamic and stress responses 
to the pre-bypass phase of surgery. Higher doses of fentanyl (100 and 150 pg kg!) offer little 
advantage over 50 ug kg`', and can necessitate intervention ta prevent hypotension. 
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H. P. Duncan, A. Cloote, P. M. Weir, I. Jenkins, P. J. Murphy, A. K. Pawade, 


Inadequate analgesia in infants undergoing open heart 
surgery is associated with a substantial hormonal and 
metabolic response which has been claimed to impair post- 
operative recovery and survival. In addition, low-dose 
opioid techniques fail to prevent unwanted reflexes such 
as disturbances of cardiac rhythm at sternotomy,’ and 
undesirable pulmonary and systemic vascular responses to 
stimulation. In contrast, high doses of opioids introduce 
new side effects. Preliminary studies on infants undergoing 
cardiopulmonary bypass (CPB) using sufentanil at doses as 
high as 40 ug kg“! were associated with oversedation and 
delayed extubation. Moreover, high-dose fentanyl causes 
cardiovascular instability and dose-dependent impairment 
of T-cell function.4 7 8 

In clinical practice, doses of fentanyl used in the pre- 
bypass phase of surgery vary between 2 and 200 pg kg“, 


based more on personal preference than available dose- 
dependent data. Yaster has demonstrated that neonates 
undergoing major non-bypass surgery have significant 
cardiovascular responses to surgery with doses less than 
fentanyl 10 ug kg’, but that an initial dose of 12.5 ug kg! 
provides adequate haemodynamic stability to surgery for 
120 min.’ Anand and Hickey’s study on infants undergoing 
CPB using large doses of sufentanil from 5 to 15 pg kg! 
demonstrated suppression of the stress response in the pre- 
bypass phase of surgery.’ This sufentanil dose is approxi- 
mately equivalent to fentanyl 150 ug kg~!.!° 1! On the basis 


This work was presented ın part at the annual meeting of the 
American Society of Anesthesiology m Orlando, Florida, October 
1998 (Anesthesiology 1998; 86: A1264). 
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of these data, and an accompanying editorial, high-dose 
opioid techniques have become popular in infants under- 
going major surgery.!? However, there are no data on what 
constitutes an effective high-dose fentanyl regimen in the 
pre-bypass phase of surgery. In order to elucidate a more 
rational approach, we have therefore conducted a prospect- 
ive randomized trial to determine the effect of different 
doses of fentanyl on the suppression of hormonal, metabolic 
and cardiovascular responses in the pre-bypass phase of 
cardiac surgery. 


Materials and methods 


After local ethical approval (United Bristol Health Care 
Ethical Committee) and informed, written parental consent, 
we studied 40 infants and small children aged under 4 yr 
undergoing elective open cardiac surgery. The patients were 
allocated to one of five doses of fentanyl: 2, 25, 50, 
100 and 150 ug kg using individual, closed envelope 
randomization. The researcher and anaesthetist were aware 
of the dose allocated, but anaesthesia was performed in a 
standardized fashion to eliminate bias. Patients were 
excluded if they had been stressed before the operation 
(major cardiopulmonary collapse or ventilated before the 
operation), or had received opioids or corticosteroids in the 
period before the operation. 

Patients over 4 months received either diazepam or 
midazolam 0.5 mg kg orally for premedication. After 
gaseous induction of anaesthesia with sevoflurane, a peri- 
pheral venous cannula was inserted from which a baseline 
venous blood sample (2.5 ml) was taken for measurement 
of whole blood glucose, plasma catecholamines and cortisol. 
Following the baseline blood sample, fentanyl 2 pg kg! 
was given as a bolus with pancuronium 0.1 mg kg™ prior 
to intubation and ventilation. An additional infusion of 
fentanyl was then given over 30 min to achieve the total 
allocated dose prior to the start of surgery. Central venous, 
arterial and urinary catheters were inserted, and haemo- 
dynamic parameters were recorded throughout at 5-min 
intervals, initially non-invasively and later via the indwelling 
arterial catheter. Heart rate, central venous pressure and 
oxygen saturation by pulse oximetry were monitored and 
recorded routinely as well as at the time of each blood 
sample. 

Feeds were withheld for 3 h before the operation. Dextrose 
infusions were not used pre- or intraoperatively. Hartmann’s 
solution was not used routinely during the pre:bypass 
period, but fluid administration was allowed if the mean 
blood pressure dropped to below 40 mm Hg. Transient falls 
in blood pressure due to surgical manipulations were not 
treated with fluids or drugs. Gentamicin 4 mg kg! and 
flucloxacillin 30 mg kg! were given routinely. Anaesthesia 
was maintained with air, oxygen and low-dose isoflurane 
(0.2-0.4%). Phenylephrine was used for episodes of sys- 
temic hypoxia and hypotension in patients with Tetralogy 
of Fallot, and isoflurane up to 2% was allowed briefly in 


response to an episode of hypertension. Inotropic support 
was not used unless systemic hypotension unresponsive to 
a fluid bolus occurred. In these circumstances, a dopamine 
infusion of 5 ug kg! min“! was commenced and this was 
recorded. Heparin 3 mg kg! was administered prior to 
the pre-bypass blood sample. Morphine 0.5 mg kg! and 
dexamethasone 0.5 mg kg“! were given into the CPB circuit 
immediately after the initiation of CBP. The cardiotomy 
prime consisted of fresh frozen plasma, human albumin 
4.5% solution, blood and Plasmalyte 148. The prime solution 
was tested to ensure that the glucose concentration was in 
the physiological range, and additional glucose added if 
necessary before commencing cardiopulmonary bypass. 

Further blood samples were taken from the arterial 
catheter before surgery, 5 min after sternotomy and directly 
before initiation of CPB. A final sample was taken from 
the cardiotomy reservoir before separation from CPB. 
Whole blood glucose was measured using a glucose oxidase 
method (One touch®, coefficient of variation <4.0% in 
measured range). Plasma cortisol samples were measured 
by chemiluminescence (ACS: 180) with a sensitivity of 
5.5 nmol litre! and inter-assay variability of 6.4% (range 
4.5-7.6%). Blood samples for measurement of catechol- 
amines were cooled immediately on ice, and the plasma 
separated and stored at -70°C until assay. After extraction 
(Chromsystems extraction kit), norepinephrine and epineph- 
rine were measured using an HPLC method. The recovery 
on extraction was measured as 72% for norepinephrine 
and 70% for epinephrine. The intra-assay and inter-assay 
precision at normal levels was measured at 5.8% and 6.1% 
for norepinephrine, and 5.4% and 6.1% for epinephrine. 

Following surgery, patients were cared for in the paedhat- 
ric intensive care unit (PICU). Data on clinical outcome 
were collected at the bedside as well as following a formal 
review of medical and nursing records following discharge 
from hospital or death. The time taken till extubation and 
the length of stay in intensive care were noted for each 
child. Complications including postoperative infection (sep- 
ticaemia, chest infection, intravenous line infection and 
wound infection) were documented for the period up to 
discharge from hospital. 


Statistical analysis 


To establish the sample size, we selected plasma cortisol 
and blood glucose! as relevant clinical variables, and an 
effect size of 0.6 was considered to represent a clinically 
relevant difference between the means. From a standard 
nomogram, a sample size of eight patients per group was 
determined to be sufficient to give the trial 80% power to 
detect a difference at the 5% significance level.'4 

A series of mixed models were fitted in order to examine 
the effect of the fentanyl dose on the haemodynamic and 
biochemical parameters measured. The data followed a 
repeated-measures design with the parameters bemg meas- 
ured before randomization and at four stages (biochemical 
data) or five stages (haemodynamic data) during the opera- 
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Table 1 Physical characteristics. “Values given as median (range) *Values given as mean (SD) min 

















Fentanyl dose 2 pg kg! 25 ug kg! 50 pg kg! 100 pg kg 150 ug kg 
Age* (months) 13 5 (2-44) 14.5 (03-31) 14.5 (4-33) 13 (2-45) 11 (0 3-24) 
Weight* (kg) 8.2 (4-13.5) 77 G.2-11 8) 85 (43-12 8) 95 (4.7~13 1) 87 (3.7-10.9) 
Surgery 

Aortic root 1 1 0 2 

Fallot’s type 3 1 1 3 2 

ASD, VSD, AVSD 4 3 5 2 3 

Arterial switch 0 1 0 1 

Cavopulmonary shunt 2 2 1 2 

CPB tme? 59.4 (19.7) 68 6 (36 7) 44.6 (20.4) 58 8 (17.3) 58 1 (26.7) 


tion. A mixed model was chosen to allow the correlation 
between readings taken from one child to be modelled 
explicitly in the analysis. A variety of correlation structures 
were examined, and the structure giving the highest values 
for the Akaike’s information criterion!’ and/or Schwarz’s 
Bayesian criterion was selected in each case. These criterion 
take into account both statistical goodness of fit of a model 
and the number of parameters that need to be estimated to 
achieve this degree of fit, by imposing a penalty for 
increasing the number of parameters. The preferred model 
is the one with the lowest number of parameters that still 


provides an adequate fit to the data. For the biochemical- 


measurements, it was necessary to transform the data to a 
logarithmic scale (in) in order to satisfy the assumptions of 
the model. The results for the biochemical data are therefore 
presented as the natural logarithm, with the original data 
presented as an appendix (Appendices 1—4). All analyses 
included adjustment for the baseline reading. Analyses for 
cortisol and pulse were adjusted for age. Interaction between 
fentanyl dose and the stage of operation was assessed. Any 
interactions found to be statistically significant at the 5% 
level were retained. For each fentanyl dose, the mean 
response and standard error were estimated from the model 
using the least-squares method. Where interactions were 
found between dose and stage of operation, the mean 
response was estimated separately for each stage of the 
operation. The Bonferroni correction for multiple compar- 
isons was applied when comparing individual dosing levels. 
Residual plots were used to assess the models adequacy. A 
small number of outlying observations were found and the 
models fitted with and without these readings in order to 
assess their impact on the model. The results are reported 
excluding these outliers because although the conclusions 
remain unchanged, the estimates of means can be influenced 
by outliers. The log rank test was used to assess the effect 
of fentanyl dose on the child’s length of stay in PICU and 
on the time the child was ventilated. Patients who died in 
PICU or whilst receiving ventilatory support were censored 
at death. All analyses were performed using SAS.!6 


Results 


The results are reported on 40 infants and young children. 
Patients in each of the five groups were similar in age, 





Pre- Post- Pre- End of 
surgery sternotomy bypass bypass 
Stage of operation 


Fig 1 Mean (SE) In(glucose) versus stage of surgery for each dose of 
fentanyl The values for the post-sternotomy and pre-bypass measurements 
were significantly different (*P<0 01), with the mean In(glucose) for the 
2 ug kg“! group being higher than the other groups (In= natural logarithm). 


weight and type of surgical procedure and length of CPB 
time (Table 1). 

All baseline measurements were similar across the five 
groups. The biochemical data are expressed as the natural 
logarithm (In) according to the statistical model, and the 
untransformed data are presented in Appendices 1-4. The 
mean In(glucose) differed significantly between the groups 
(P<0.01) in the post-sternotomy and pre-bypass stages. At 
both stages, the mean In(glucose) was significantly higher 
for the 2 ug kg! group than the other doses which 
showed similar responses (Fig. 1). There was no significant 
difference in the mean In(glucose) between any of the other 
groups in the pre-bypass phase. All groups showed a rise 
in blood glucose at the end of bypass, but there was no 
difference between the groups. 

The In(cortisol) measurements showed a similar response. 
There was a significant difference between the groups pre- 
bypass and at the end of CPB (P<0,01); the mean In(corti- 
sol) for the 2 ug kg group was significantly higher than 
for the other groups, which responded similarly (Fig. 2). 

The mean In(norepinephrine) was significantly higher in 
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Post- Pre- 
sternotomy bypass 


Stage of operation 


End of 


surgery bypass 


Fig 2 Mean (se) In(cortisol) versus stage of surgery for each dose of 
fentanyl The values for the pre-bypass and end of bypass measurements 
were significantly different (*P<0.01) with the mean In(cortisol) in the 
2 ug ke™! group being higher than other groups (In=natural loganthm). 


In (norepinephine) 





2 25 50 
Fentanyl dose (pg kg-') 


100 


150 


Fig 3 Mean (sz) In(norepinephrine) versus fentanyl dose. The mean for 
the 2 ug kg group was significantly higher than the mean for the 150 ug 
kg7! group (*P<0 01) (in=natural logarithm) 


the 2 ug kg! group compared to the 150 ug kg! group 
which did not change with the stage of surgery. No other 
differences between the groups were found (Fig. 3). The 
epinephrine measures showed wide variability and no signi- 
ficant differences were detected (Fig. 4). 
The mean systolic blood pressure for the 2 ug kg™! dose 
was significantly higher than all the other doses (P < 0.02 
‘for all comparisons). There was no interaction between 
dose end time of operation. The groups receiving 100 and 
150 pg kg"! had lower mean systolic blood pressure than 
the 25 and 50 ug kg! groups, but the differences failed to 
reach statistical significance. However, two out of eight 
children in each group receiving 100 and 150 ug kg! 
required fluid boluses to maintain adequate blood pressure 
prior to surgery (Table 2, Fig. 5). 
The mean heart rate was significantly higher in the 2 ug 
kg! group (P<0.04 for all comparisons) and there was no 


6 


In (epinephrine) 
on 


> 





2 25 50 
Fentanyl dose (ug kg-') 


100 150 


Fig 4 Mean (Sz) In(epinephrine) versus fentanyl dose No significant 
difference between groups (In = natural loganthm). 
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100 


Fig 5 Mean (sz) systolic blood pressure versus dose of fentanyl The mean 
systolic blood pressure in the 2 ug kg! group was significantly higher 
(*P<0.02) for all comparisons. 


difference in the heart rates of children receiving higher 
doses (Table 2, Fig. 6). 

There were no significant differences between the five 
groups in relation to time to extubation, time spent ın 
PICU, and the incidence of infection or postoperative 
complications. There were two deaths in the study group. 
One patient in the 150 ug kg"! group, having undergone a 
bidirectional Glen shunt, died suddenly at 24 h after the 
operation. The second patient, allocated to receive fentanyl 
25 ug kg`!, had Down’s syndrome and died 6 weeks after 
a complete atrioventricular septal defect repair. Pulmonary 
hypertension, pericardial effusion and multiple thrombi in 
several major blood vessels complicated her course. 


Discussion 
Stress responses to paediatric cardiac surgery are dependent 


not only on anaesthetic technique but also on patient age, 
type of surgery, management of cardiopulmonary bypass 
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Table 2 Haemodynamic data expressed as mean (SE). *P<0.05 





Dose 2 ug kg 25 ug kg 50 pg ket 100 pg kg 150 pg kg” 
Systolic blood pressure (mm Hg) 85.6 (3.09)* 71.1 (1.97) 68.0 (2.94) 65.0 (257) 610 (1 66) 
Pulse rate (mn7!) 136 8 (2 02)* 121 2 (3.00) 122.3 (4 15) 115 8 (3 55) 118 5 (257) 
ee * cardiovascular stability, but it is not an ideal drug for 
140 maintenance of anaesthesia and stress reduction during 
= 135 ł cardiopulmonary bypass. The plasma concentration of fen- 
z as tanyl falls rapidly on bypass due to dilutional effects as 
2 well as adhesion of the drug to the surface of silicone 
g 12 membrane oxygenators.!” !8 We believe that for an effective 
gi | ; understanding of stress responses and their control during 
g I cardiac surgery, it is necessary to address the pre-bypass, 
5 : bypass and post-bypass phases separately. The results of 
I1 





2 25 50 100 
Fentanyl dose (ug kg-t) 


Fig 6 Mean (sE) beart rate versus dose of fentanyl The group receiving 
2 ug kg"! demonstrates a significantly higher heart rate than other groups 
(*P<0.04) for all comparisons. 


and whether circulatory arrest is used as part of the bypass 
technique. This study was designed to study the effects 
of different opioid doses on the hormonal/metabolic and 
cardiovascular responses to the pre-bypass phase of cardiac 
surgery in a population of infants and young children. Our 
results indicate, not surprisingly, that fentanyl 2 pg kg! 
given as part of a low-dose isoflurane anaesthetic does not 
suppress the pre-bypass responses. However, in this study 
population, a dose of fentanyl 25 ug kg! given after 
induction of anaesthesia and before surgery suppressed 
glucose, cortisol, catecholamine and haemodynamic 
responses as effectively as fentanyl 150 ug kg in the pre- 
bypass phase of cardiac surgery. Moreover, fentanyl 25 pg 
kg! and 50 ug kg”! provided the least cardiovascular 
disturbance during the pre-bypass phase. 

Few previous studies have attempted to relate the dose- 
dependent effects of opioids on suppression of adverse 
responses to either cardiac or non-cardiac surgery, and the 
results are difficult to interpret collectively due to wide 
differences in the populations studied and the different 
opioid doses used. In evaluating the effects of different 
opioid doses on the stress response, it is important to 
distinguish the pre-bypass phase of surgery from the bypass 
and post-bypass phases. During the pre-bypass phase, the 
nociceptive input from somatic and visceral nerves repres- 
ents the main stimulus to the neuroendocrine responses, 
while on bypass the effects of hypothermia, hypotension 
and the inflammatory responses become major stimulating 
factors. Fentanyl is an appropriate drug for the pre-bypass 
phase of cardiac surgery due to its rapid onset and relative 


this study pertain specifically to the dose-dependent effects 
of fentanyl on the stress response in the pre-bypass phase 
of open cardiac surgery. We chose to use morphine during 
bypass because its plasma and biophase concentrations are 
likely to be better preserved during bypass than more lipid- 
soluble drugs. 

The only comprehensive evaluation of stress responses 
to cardiac surgery in paediatrics was performed in a neonatal 
population having complex surgical repairs using hypo- 
thermic circulatory arrest.’ !9 In the control group, an initial 
dose of morphine 0.1-0.2 mg kg! was given with a mean 
intraoperative dose of 0.35 mg kg™!. This is lower than the 
opioid doses used in our control group (fentanyl 2 ug kg! 
initially with morphine 0.5 mg kg“! during cardiopulmonary 
bypass). Anand’s high-dose opioid group consisted of an 
initial dose of sufentanil 5-15 pg kg! with a mean 
dose during surgery of 37 ug kg™!.2 These values are 
approximately equivalent to an initial fentanyl dose of 50- 
100 ug kg and a total intraoperative fentanyl dose of 
370 ug kg," 20 clearly much higher than used in any other 
study. High-dose sufentanil suppressed the adrenocortical 
and beta endorphine responses not only in the pre-bypass 
period but also for up to 24 h post-bypass. However, while 
there was no rise in catecholamines in the pre-bypass phase, 
high-dose sufentanil was unable to completely suppress the 
adrenomedullary and sympathetic responses to cardiopul- 
monary bypass and hypothermic arrest. Glucose concentra- 
tions rose significantly even in the sufentanil group, but this 
may have merely reflected the administration of intravenous 
glucose before bypass and the composition of the priming 
solution used for the bypass pump. A more recent paediatric 
study evaluated neuroendocrine responses to cardiac surgery 
after an induction dose of fentanyl 25 ug kg! and a total 
pre-bypass dose of fentanyl 100 ug kg!.?! Two groups 
were compared, namely infants under 1 yr with an older 
more heterogeneous paediatric group. The results showed 
that 100 pg kg? was sufficient to prevent the rise in 
catecholamines during surgery and bypass even in the 
younger age group. However, aortic occlusion during bypass 
did cause a significant rise in neuropeptide Y (a sensitive 
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measure of sympathetic stimulation) and this was greater 
in the older age group. Doses as low as fentanyl 10 ug kg 
still appear to be relatively effective in suppression of the 
stress responses for non-cardiac surgical procedures of short 
duration, both in preterm neonates and older children.” 2? 
However, infants undergoing cardiac or major non-cardiac 
surgery using doses of fentanyl below 10 ug kg! (or an 
equivalent) demonstrate significant neurohumoral 
responses? 17 23 24 despite having haemodynamic stability 
during surgery and excellent analgesia in the immediate 
postoperative period.” ?4 These data therefore support the 
findings from the present study that doses of fentanyl 25- 
50 ug kg" are sufficient to block neuroendocrine responses 
in the pre-bypass phase. 

High-dose opioid analgesia ıs also used to provide 
haemodynamic stability during surgery, but the effective 
dose is dependent on age, the intensity of the stimulus and 
the presence of additional anaesthetic agents. Early studies 
on fentanyl in the cardiac infant indicated that 25 pg kg! 
had minimal effects on heart rate, cardiac index, and 
pulmonary or systemic vascular resistance,” and that 25— 
30 ug kg“! was sufficient to obtund pulmonary and systemic 
vascular responses to suctioning and intubation.” 2 How- 
ever, while doses as low as 12.5 ug kg! have been shown 
to provide suppression of haemodynamic responses to major 
thoracic and abdominal surgery in the neonate,’ studies of 
fentanyl as the sole anaesthetic agent for infant cardiac 
surgery have reported that doses as high as 75 pig kg! still 
do not appear to be effective at reliable suppression of the 
haemodynamic response to surgical incision and sterno- 
tomy.!! Moreover, it has been suggested that doses less 
than 50 ug kg! may be associated with a higher incidence 
of ventricular fibrillation dunng the pre-bypass phase in 
neonates undergoing surgery for hypoplastic left heart 
syndrome.* All the patients in our present study received 
low-dose isoflurane anaesthesia in addition to their assigned 
dose of fentanyl. The combination of fentanyl with an 
inhaled anaesthetic agent provides better suppression of 
cardiovascular responses to surgery than fentanyl alone.” 
This may explain the difference between previous studies 
using fentanyl as a sole anaesthetic agent!! 26 and the 
findings from this study which show that fentanyl 25-50 pg 
kg! combined with low-dose isoflurane anaesthesia can 
reliably suppress haemodynamic responses to surgical 
incision and sternotomy. Our choice of fentanyl 2 ug kg! 
and 150 ug kg represented an approximate equivalent of 
the lowest and highest doses of opioids used in Anand’s 
original study of neonates undergoing cardiac surgery.° ® 
Fentanyl 25 ug kg~! was chosen as the second lowest dose 
because while it was more likely to give haemodynamic 
stability than 2 ug kg; 76 some studies suggest that 
it still remained ineffective in suppressing undesirable 
responses.‘ !! A complicating factor that can make compar- 
ison of this study with others difficult to interpret is the 
time taken from induction of anaesthesia (IA) to the start 
of cardiopulmonary bypass. Fentanyl rapidly redistributes 


into peripheral stores after single administration, and a 
long IA to CPB time allows more time for the biophase 
concentration to fall. Therefore, institutions that have rela- 
tively long IA to CPB times are likely to require more 
fentanyl in order to maintain suppression of hormonal and 
cardiovascular responses to surgery due to redistribution of 
the drug out of the brain. The current IA to CPB time in 
our institution ranges from 35 to 60 min for ‘non-redo’ 
surgery, and our results need to be interpreted within 
this context. 

High-dose opioid techniques remain popular for paediat- 
ric cardiac surgery due to the belief that they are beneficial 
to postoperative recovery.!* However, a case should be 
made to use the minimum effective dose rather than a dose 
that is well in excess of that required. High-dose opioids 
can delay extubation and recovery of the patient due to 
prolonged ventilatory depression and oversedation. This is 
particularly noticeable for less complex surgery when the 
period of cardiopulmonary bypass ıs brief and there 1s less 
tıme for sequestration of fentanyl to the oxygenator in the 
bypass circuit. There is also increasing evidence of dose- 
dependent effects of opioids on the immune system ?’ 
Both fentanyl and morphine suppress natural killer cell 
cytotoxicity in a dose-dependent fashion,’ *® and morphine 
has been shown to decrease the proliferation of stimulated 
human lymphocytes and the production of interferon a and 
interferon B.”? Given the evidence that chronic opioid 
exposure is associated with marked immunosuppression in 
both animals and humans,’ % and that postoperative cardiac 
children on intensive care have a high incidence of post- 
operative infection, it would seem logical to avoid excessive 
opioids. An alternative would be to consider the use of 
epidural local anaesthetic techniques that can suppress stress 
responses without affecting immune function.” 3! 

The sample group for this study were heterogeneous both 
for age and operation type, but this facet of the study design 
was fully considered. The intended operation was to be 
largely irrelevant because this was a pre-bypass study 
measuring responses to a single procedure (sternotomy and 
cannulation) with the same surgeon carrying out all the 
procedures. Moreover, the relevance of stress response data 
derived from neonates undergoing cardiac surgery using 
deep hypothermic arrest to an older population group is 
questionable.’ 1° It has previously been accepted that neo- 
nates have more extreme but short-lived stress responses 
to surgical stimulus than the older child and adult,>? but 
recent data investigating catecholamine and neuropeptide 
Y responses during and after aortic occlusion on cardiopul- 
monary bypass have questioned this belief.) An inclusion 
criterion for our study was that the patients were not stressed 
prior to surgery, but despite this there was a large variation 
in all the norepinephrine and epinephrine concentrations. 
Both researcher and anaesthetist were aware of the group 
assignment, but we considered that this would not bias data 
collection because the anaesthetic technique was carried 
out in a standardized fashion according to the protocol. 
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In particular, isoflurane was kept at a fixed background 
concentration other than to respond to a surge in blood 
pressure, and intravenous fluids were only given for persist- 
ent hypotension unrelated to surgical manipulation of the 
great vessels. 

As with previous studies in non-cardiac surgery, the 
whole blood glucose appears to be the most useful summary 
measure of stress response during the pre-bypass phase, 
provided the infant is not receiving exogenous glucose at 
the time of measurement.” % Glucose homeostasis is tightly 
controlled, and the rise in glucose during surgery is dramatic 
if inadequate opioid analgesia has been administered. Whole 
blood glucose can be measured easily during surgery, 
and an excessive response identified and treated almost 
immediately. This individualized approach with real time 
feedback of the stress response may be far better than either 
using an excessive dose in the hope of ablation of the stress 
response, or using a minimal opioid dosage based on a 
heterogeneous population. 

The current practice ın our institution is for the priming 
solution of the cardiopulmonary bypass pump to contain a 
glucose concentration within the normal physiological 
range. However, there was a substantial rise in whole blood 
glucose at the end of bypass irrespective of group allocation. 
Clearly, a high-dose opioid strategy in the pre-bypass phase 
was unable to prevent this response and further research is 
required in this area. This failure to maintain normal glucose 
concentration may be potentially harmful to the brain, 
particularly if low flow or circulatory arrest is required. 
The rise in glucose in all groups was not matched by a 
similar rise in plasma cortisol. This independent rise in 
glucose has been previously described and ‘ascribed to 
reduction of insulin production during moderate hypother- 
mia and a failure to utilize glucose peripherally.” 
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Appendix 1 Whole blood glucose concentration, absolute values (mmol litre~!) 


Baseline Pre- Post- Pre- Post- 
surgery sternotomy bypass bypass 
2 ug kg? 
Patent 1 58 4.4 48 55 9.2 
Patent 2 33 37 4.0 73 93 
Patient 3 3.4 38 5.1 55 8.1 
Patent 4 45 3.9 5.1 53 8.3 
Patent5 3.4 5.1 5.6 65 8.9 
Patent6 39 3.8 57 63 12.0 
Patient 7 42 4.8 59 76 11.4 
Patienr8 4.4 63 77 78 137 
25 ug ke! 
Patient 1 3.4 38 39 39° 6.1 
Patent2 31 34 44 3.7 68 
Patient 3 3.4 35 31 5.0 
Patient 4 43 54 55 121 13.9 
Patient 5 39 43 41 4.1 83 
Patent6 46 3.5 38 54 116 
Patient 7 22 32 35 41 86 
Patient 8 3.8 3.6 34 44 64 
50 ug kg! 
Patient 1 56 55 45 48 120 
Pattient2 50 5.2 46 48 123 
Patient3 4.4 42 3.8 3.5 
Patient 4 36 3.7 29 34 
Panent5 58 44 48 55 92 
Patient6 3.7 38 3.9 40 6.8 
Patient7 39 31 3.2 41 66 
Patient 8 4.2 36 36 4.1 89 
100 pg kg! 
Patient 1 40 59 5.8 51 66 
Patent 2 39 34 41 5.2 76 
Patient 3 34 31 3.0 3.7 5.4 
Patent4 3.1 28 26 26 64 
Patent5 46 42 45 48 5.8 
Patient6 34 4.0 42 4.2 5.7 
Patient 7 41 37 41 4.6 12.4 
Patent8 2.9 30 3.6 3.2 5.9 
150 ug ke 
Patient 1 36 30 27 3.2 13.1 
Patient 2 2.9 35 31 3.5 8.0 
Patient 3 43 38 35 38 7.4 
Patient4 3.5 37 46 4.0 5.1 
Patient = 4.2 41 52 5.6 115 
Patent6 3.8 4.0 37 39 4.2 
Patient 7 37 36 36 34 44 
Patient 8 3.2 3.7 4.6 46 12.3 
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by hyperglycaemia? Paediat Anaesth 1995; 5: 385-7 

34 Jonas RA. In: Jonas RA, Elliot MJ, eds. Metabolic Response in 
Cardiopulmonary Bypass in Neonates, Infants and Young Children. 
Oxford: Butterworth Heinemann, 1994; 205-25 


Appendix 2 Serum cortisol, absolute values (nmol litre7!) 


Baseline Pre- Post- Pre- Post- 
surgery sternotomy bypass bypass 
2 ug kg 
Patient 1 272 230 321 491 503 
Patient 2 399 268 150 610 354 
Patient 3 650 589 735 790 528 
Patient 4 143 196 182 376 324 
Panent 5 378 394 444 646 536 
Patient 6 510 498 989 839 719 
Patient 7 241 200 204 546 490 
Patient 8 213 587 763 867 729 
25 ug kg 
Patient 1 301 211 192 242 125 
Patient 2 336 361 281 239 236 
Patient 3 393 497 457 449 234 
Patient 4 322 487 449 , 305 378 
Patient 5 265 215 244 439 558 
Patient 6 318 219 212 187 318 
Patient 7 TH 1345 1536 1204 1140 
Patient 8 517 422 398 423 4i4 
50 ug kg! 
Patent 1 398 653 670 579 493 
Patient 2 308 352 259 720 455 
Patient 3 316 517 527 477 522 
Patient 4 287 252 253 110 165 
Patent 5 84 146 116 133 307 
Patent 6 279 214 186 183 98 
Patent 7 404 31 271 314 528 
Patent 8 340 279 270 196 110 
100 ug kg” 
Patent 1 203 525 526 380 287 
Patient 2 401 350 324 318 131 
Patient 3 283 257 316 286 102 
Patient 4 250 518 508 410 468 
Patent 5 215 221 198 103 408 
Patient 6 146 113 248 248 92 
Patient 7 164 110 107 98 250 
Patient 8 303 249 244 210 122 
150 ug kg! 
Patent 1 297 337 301 271 360 
Patient 2 155 327 339 295 206 
Patent 3 378 288 246 212 166 
Pahent 4 395 304 285 21l 100 
Patient 5 223 238 201 190 478 
Patient 6 267 407 372 342 183 
Patient 7 296 237 264 283 207 
Panent 8 381 252 322 277 314 
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Appendix 3 Serum norepinephrine, absolute values (ng litre!) 


2 pg kg” 
Panent | 
Patient 2 
Patient 3 
Patient 4 
Patient 5 
Patient 6 
Patient 7 
Patient 8 


25 ug ket 
Patient 1 
Patient 2 
Patient 3 
Patient 4 
Patient 5 
Patient 6 
Patient 7 
Patent 8 


Baseline 


Pre- 


Post- 
surgery sternotomy 
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Appendix 4 Serum epinephrine, absolute values (ng litre”) 


Baseline Pre- Post- Pre- 
surgery sternotomy bypass 
2 ug kg 
Patient 1 159 280 137 104 
Patient 2 217 94.1 214 198 
Patient 3 108 62.9 176 132 
Patient 4 177 146 172 189 
Patient 5 164 77 212 171 
Patient 6 155 561 82.2 86.8 
Patient 7 104 147 851 2.9 
Patient 8 160 144 103 90 
25 pg kg 
Patient 1 170 66 208 9? 
Patient 2 32.6 464 302 646 
Patient 3 117 63.6 863 15.7 
Patient 4 436 383 551 600 
Patient 5 235 50.1 38.2 303 
Patient 6 175 414 64.8 148 
Patient 7 262. 603 453 443 
Patient 8 623 117 521 249 
50 ug kg”! 
Patient 1 914 154 177 40 
Patient 2 226 136 212 193 
Patient 3 271 132 174 114 
Patent 4 208 109 119 63.2 
Patient 5 256 59.1 56.3 64.6 
Patent 6 364 127.5 87.2 584 
Patient 7 118 598 128 488 
Patient 8 918 108 142 52 
100 pg kg! 
Patient 1 118 74 137 129 
Patient 2 438 2470 1132 1042 
Patient 3 103 292 539 75 
Patient 4 40.9 542 45.6 569 
Patient 5 103 203 315 597 
Patient 6 64 534 177 177 
Patient 7 H7 33.9 715 159 
Patient 8 119 13.2 25 38.2 
150 ug kg! 
Patent 1 336 849 694 
Patient 2 339 152 107 80.1 
Patient 3 409 39.5 415 248 
Patient 4 753 50.8 621 962 
Patient 5 218 443 85 110 
Patient 6 331 295 30.3 31.9 
Patient 7 212 44,3 43.6 19 
Patient 8 110 17.5 36 4 553 
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Twenty consecutive patients undergoing cardiac surgery with cardiopulmonary bypass (CPB) 
were allocated at random to group | (n= 10, high inspired oxygen fraction (Flo,) after CPB), 
or group 2 (n=10, moderate Fio, after CPB). The effects of each Fig, on arterial and mixed 
venous concentrations of endothelin-| (ET-1) and its precursor, Big ET-!, were measured. 
Venous admixture was calculated to assess the efficiency of pulmonary gas exchange. Patients 
whose lungs had been ventilated with a Fig, of 1.0 (exposure time 70 min) after weaning from 
the CPB machine had significantly greater arterial and mixed venous Big ET-| concentrations 
and venous admixture than patients whose lungs were ventilated with a Fig, of 0.35. In 
contrast, ET-] concentrations in the two groups were not significantly different. A reduction 
of Flo, from 1.0 to 0.6 reduced venous admixture without lowering endothelial peptide 
concentrations. On the first postoperative day all peptide concentrations were similar in the 
two groups, whereas venous admixture remained non-significantly higher in group |. A short 
period of high Fig, immediately after CPB Increases endothelin concentrations and pulmonary 


venous admixture. 
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Anaesthesia adversely affects pulmonary function by 
affecting respiratory system mechanics and gas exchange 
in the lungs. Impaired oxygenation of the blood occurs in 
most subjects who are anaesthetized.! ? Cardiac surgery 
with the use of extracorporeal circulation is frequently 
associated with impaired ability of the lungs to oxygenate 
blood.? 4 It has therefore become routine to increase the 
inspired oxygen fraction (F'Ip,) in order to prevent hypoxae- 
nua. Hyperoxygenation generates oxygen radicals and con- 
sequently may increase reoxygenation injury after 
cardiopulmonary bypass (CPB). The superoxide anion may 
be an important factor in this damage.> Hyperoxygenation 
can also increase ventilation~perfusion inequalities and 
alveolar collapse.” After lung collapse, blood flow, and 
probakly blood volume, are reduced because of hypoxic 
pulmonary vasoconstriction. Both local accumulation of 
oxygen radicals and local hypoxic pulmonary vasoconstric- 
tion may influence regional pulmonary integrity. Recent 
studies suggest that, of the endothelium-derived factors, 
endothelin-1 (ET-1), a potent vasoconstrictor, may be an 
important mediator of hypoxic pulmonary vasoconstriction.? 
Its precursor, Big ET-1, could be an even more sensitive 


measure of endothelial dysfunction.!° Hyperoxaemic 
normothermic CPB can have adverse effects on tissue 
oxygenation,!! and uncontrolled reoxygenation results in 
marked production of conjugated diene as a sign of 
oxidant damage.!? This damage may increase plasma ET-1 
concentrations, as the same increase has been found in 
patients at risk of developing acute lung injury 4 
Reoxygenation damage seems to depend on oxygen 
tension.!4 Reducing Fig, may be less effective than hyperox- 
ygenation in preventing tissue hypoxaemia. On the other 
hand, partial denitrogenation can reduce tissue damage and 
prevents or reduces ventilation—perfusion mismatching ê 7 
We hypothesized that a short period of increased Fig, 
immediately after CPB has a detrimental effect on both 
endothelium-derived factors and pulmonary gas exchange. 


Materials and methods 


Study population 

The study was approved by the Ethics Committee of the 
University Hospital of Basel and written informed consent 
was obtained from each patient. Patients with significant 
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pulmonary, endocrine, renal, metabolic or neurological 
disease were excluded from the study. We also excluded 
emergency patients and patients requiring preoperative intra- 
venous inotropic drugs, intra-aortic balloon support or 
mechanical ventilation. Sealed envelopes were used to 
allocate at random 20 consecutive adults undergoing cardiac 
surgery with CPB to group 1 (n=10, high Filo, (1.0)) or 
group 2 (n=10, moderate Fto, (0.35)). 


Anaesthetic technique and surgery 


Premedication consisted of morphine 0.1 mg kg! and 
scopolamine 0.004 mg kg™! im. before transfer to the 
operating room. Anaesthesia was induced with fentanyl 
(10 ug kg!) and midazolam (0.1-0.15 mg kg") or 
hypnomidate (0.02 mg kg~'). To facilitate intubation of the 
patient’s trachea, muscular paralysis was achieved with 
pancuronium (0.1 mg kg). Anaesthesia was maintained 
with additional doses of fentanyl and midazolam 
combined with isoflurane (end-tidal concentration 0.2-0.8 
vol%) if necessary. When further doses of neuromuscular 
blocking agents were required, i.v. pancuronium 2 mg was 
used. Routine cardiac monitoring included leads H and V5 
of the electrocardiogram, pulse oximetry, capnography, 
oesophageal and rectal temperatures, a 20-G radial artery 
catheter and a three-lumen 7.5 Fr pulmonary artery catheter 
(Baxter, Irvine, CA, USA) inserted through the right internal 
jugular vein. Intravascular systemic and pulmonary artery 
pressures, heart rate and arterial and mixed venous 
oxygen partial pressures were recorded (PCMS Work- 
station 19845-1503; Spacelabs, Chatsworth, CA, USA). 
All patients were ventilated mechanically at a rate of 
6 breath min” with air-oxygen mixture (Fip,=0.5) using a 
Sulla 808V ventilator with a circle system 8 ISO 
(Driagerwerke, Lübeck, Germany) and a Ventilog ventilator 
(Drigerwerke) with zero end-expiratory pressure. Tidal 
volume was 8-15 ml ke~! to maintain end-tidal Pco, at 
4.5--4.9 kPa. No further changes in ventilation were made 
before CPB. Operations were performed with standardized 
CPB (SARNS 9000; Terumo Cardiovascular System, Ann 
Arbor, MI, USA) including repeated cold-blood cardio- 
plegia, hollow-fibre membrane oxygenator (Affinity 
Oxygenator; Medtronic Inc, Minneapolis, MN, USA) with a 
40- filter in the arterial flow and mild systemic hypothermia 
(above 32°C) maintained during aortic cross-clamping. The 
methods of cannulation and heart preservation used were 
at the surgeon’s discretion and did not differ between 
groups. During surgery, intravascular volume replacement 
was achieved with lactated Ringer’s solution. Packed red 
cells were administered to maintain haematocrit above 25% 
during CPB and above 28% afterwards. The residual volume 
of the circuit was retransfused. After the patient was 
rewarmed and weaned from the CPB machine, Fio, was 
set to either 1.0 (high, group 1) or 0.35 (moderate, group 
2) with a mean exposure time of 70 min (Table 1). Except 
for the F Ip, the ventilatory mode did not differ from the 
pre-bypass settings in order to preserve equal ventilatory 


Table 1 Study plan for blood sampling, and measurements obtained CPB, 
cardiopulmonary bypass; Flo, inspired oxygen fraction; ICU, intensive care unit 


Time Filo, for Filo, for 
group 1 group 2 

During anaesthesia before CPB 0.5 05 

20 min after weamng from CPB machine 1.0 035 

90 min after arrival in the ICU 06 06 

After extubation cf patient’s trachea (day 1) 04 0.4 


conditions between the groups. Anaesthesia was maintained 
with additional boluses of fentanyl and midazolam. After 
surgery, patients were transferred to the intensive care unit 
(ICU) and ventilated mechanically with an Flo, of 0.6 in 
both groups. Intravenous fentanyl and midazolam were 
used for analgesia and sedation. Postoperative care was 
standardized for all patients and extubation was accomp- 
lished at the earliest clinically appropriate time after the 
patient had been weaned from pressure-support ventilation. 
Criteria for extubation included being conscious, normother- 
mia, haemodynamic stability, adequate pulmonary function 
with a respiretory rate between 10 and 20 breath min`! and 
satisfactory blood gases, adequate urine output and minimal 
chest tube output. 


Blood sampling 


Blood samples were obtained from the distal lumen of the 
pulmonary artery catheter and from the cannula in the radial 
artery. Peptide concentrations and calculations determining 
venous admixture (see below) were based on analyses of 
these blood samples, which were obtained at the following 
times: (1) during anaesthesia before surgery (baseline); (ii) 
20 min after CPB had been discontinued, before sternal 
closure; (iii) 90 min after arrival in the ICU; (iv) on the 
first postoperative day in the ICU (Table 1). 


Peptide analyses 

Freshly collected blood was anticoagulated with ethylene- 
diamine tetraacetate and put on ice immediately, and centri- 
fuged within 1 h to separate plasma. The plasma samples 
were stored at —-70°C and mixed well before assaying. For 
ET-1 and Big ET-1 analyses, a sandwich-type enzyme 
immunoassay (Biomedica, Vienna, Austria) was used. Direct 
measurements of the peptides were performed in duplicate 
according to the manufacturer’s instructions. To provide 
maximum sensitivity, the kits for ET-1 and Big ET-1 had 
highly specific immunoaffinity-purified polyclonal capture 
antibodies and monoclonal detection antibodies. In the first 
step, sample and monoclonal detection antibody were added 
simultaneously to microtitre plate wells precoated with 
capture antibody. Big ET-1 and ET-1, if present in the 
sample, bound and formed a sandwich with the detection 
antibody. After a washing step, which removed non- 
specifically bound material, a peroxidase-conjugated anti- 
body detected the presence of bound detection antibodies. 
After removal of unbound conjugate by washing, tetra- 
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methylbenzidine was added to the wells as a substrate. Big 
‘ET-1 and ET-1 were quantified by an enzyme-catalysed 
colour change detectable using a standard ELISA reader. 
The amount of colour was directly proportional to the 
amount of ET-1 and Big ET-1 present in the sample. The 
concentration range of quality control samples was between 
2 and 6 fmol ml, with intra- and interassay coefficients 
of variation of 2.5-5.5 and 3.2-10.9% respectively. The 
detection limit for Big ET-1 was 0.1 fmol litre! and for 
ET-1 it was 0.2 fmol litre. 


Venous admixture 


The amount of venous admixture as a percentage of the 
total flow (Qs/Qf)X100) was calculated from the standard 
equation Qs/Qt = (CcO, — CaO2)/(CcO, — CvO), where 
CcO, = end-pulmonary capillary oxygen content, CaO, = 
arterial oxygen content and CvO, = mixed venous oxygen 
content.!> 16 Arterial and mixed venous blood gas measure- 
ments were performed by using a standard technique with 
the electrodes calibrated for the required partial pressure 
ranges (ABL 500; Radiometer, Copenhagen, Denmark). 
The end-pulmonary capillary oxygen content was calculated 
by using the equation for the alveolar oxygen partial pressure 
as follows: PAo, = ((760 mm Hg - 47 mm Hg)X Fio) - 
(PAgo,% 1.25), where PAco, is the arterial carbon dioxide 
partial pressure. Arterial and mixed venous oxygen satura- 
tions and haemoglobin were performed by haemoximetry 
(OSM2, Copenhagen, Denmark). To assess oxygenation 
when Fig, was varied, the oxygenation index (PAg/Flo, 
ratio) was also calculated. 


Statistical analyses 


Multiple comparisons were performed by the use of 
Friedman analysis of variance for repeated measures. 
Groups were compared by the use of the Wilcoxon rank- 
sum test. For post hoc comparisons, Tukey’s test was applied 
if appropriate and probability values were calculated. The 
Spearman rank correlation coefficient (7,) was used to 
analyse relationships between variables. A P value of less 
than 0.05 was considered significant. For all calculations, 
the Statistica/v 4.5 software package (StatSoft, Tulsa, OK, 
USA) was used. 


Results 


Patient details before CPB are presented in Table 2. There 
was no correlation between patient characteristics and 
measured clinical data. 


Effects of high Fio, immediately after CPB 

Ventilating the patient’s lungs with a Filo, of 1.0 after 
weaning from the CPB machine (group 1) resulted in 
significantly greater arterial and mixed venous Big ET-1 
concentrations (2.6+1.2 and 2.7+1.2 fmol litre! respect- 
ively) compared with patients who received a moderate 
Fio, of 0.35 (1.4+0.4 fmol litre! for both Big ET-1 


concentrations) (group 2) (P < 0.05) (Fig. 1). In contrast, 
ET-1 concentrations in the two groups were not significantly 
different (Fig. 1). In addition in group 1, artenal and mixed 
venous ET-1 concentrations were significantly greater during 
hyperoxygenation than before bypass, whereas group 2 
showed no difference in ET-1 concentrations between the 
bypass and pre-bypass values. 

In group 1, venous admixture was significantly greater 
during hyperoxygenation (20.9+7.5%) than before bypass 
(8.1+3.8%), whereas group 2, with a moderate Fio, of 
0.35, showed no significant difference for this variable (Fig. 
1). The PAg/Fig, ratio after CPB was significantly greater 
in group 1 (310+157 mm Hg) than in group 2 (225443 
mm Hg) (P < 0.05). 

Pre-bypass values of pulmonary artery pressures were 
significantly greater in group 1 (2545) than in group 2 
(1944), but were similar after CPB (23+6 vs 2048). 
Peptide concentrations did not correlate with haemodynamic 
variables, except for a weak, non-significant correlation in 
group 1 between arterial ET-1 and pulmonary artery pressure 
(r,=0.60), and between mixed venous ET-1 concentration 
and right atrial pressure (7,=0.60) after CPB. There was 
no correlation between peptide concentrations and venous 
admixture. 

Changing the Filo, from 1.0 (group 1) and 0.35 (group 
2) to 0.60 in both groups resulted in no significant changes 
in peptide concentrations and venous admixture in the ICU. 
In group 1, however, mixed venous and arterial ET-1 and 
Big ET-1 values remained significantly increased compared 
with the pre-bypass values despite reduction of the Fio, 
(Fig. 1). There were no significant differences in peptide 
values between the groups. 


+ 


Prolonged effects of high Fig, after CPB 


On the first postoperative day, peptide concentrations were 
similar in the two groups (Fig. 1). However, venous 
admixture remained slightly greater in group 1 (6.3+2.6) 
than in group 2 (4.52.4), although the difference was not 
significant (P = 0.12). Extubation times were similar in 
the two groups (756253 min after intubation in group 
1 vs 7644243 min in group 2). The PAg/F lp, ratio, 
respiratory variables and time of discharge from the ICU 
did not differ significantly between the two groups. 


Discussion 
We found that a short period of increased Fig, immediately 
after CPB affected endothelial and gas exchange function. 
Big ET-1 concentrations and venous admixture after hyp- 
eroxygenation were significantly greater compared with 
pre-bypass values and the group with the moderate Fip, of 
0.35. A reduction of Fp, from 1.0 to 0.6 decreased venous 
admixture without lowering endothelial peptide values. 
Big ET-1 concentrations were elevated during exposure 
of the lungs to pure oxygen. Because Big ET-1 1s the 
precursor of ET-1, pulmonary endothelial integrity may 
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Table 2 Clinical characteristics of the patients undergoing CPB. Data are (mean (sb) or range) Statistical analysis revealed no significant difference between 
the two study groups except for the sex of the groups (preponderance of males in group 1) *Weaght height; fbaseline (pre-bypass) values 





Sex (M/F) 

Age (yr) 

Body mass ındex* (kg m?) 

Body surface area (m?) 

Systemic arterial pressure meant (mm Hg) 
Right atrial pressure meant (mm Hg) 
Pulmonary artery pressure meant (mm Hg) 
<Pa0)>/Fi, (mm Hg) 

Coronary artery surgery 

Aortic valve or mitral valve surgery 


Cardiopulmonary bypass umes (min) 
Time between completion of CPB and arrival in the [CU (min) 


be altered by hyperoxygenation. In our patients, the 
increase in peptide values was not as great as that seen in 
patients at risk of developing acute lung injury, where 
ET-1 values were significantly elevated.'5 !7 None of these 
studies measured changes in Big ET-1. The physiological 
significance of Big ET-1 is still not clear, but Big ET-1 
may be a more sensitive indicator of endothelial changes 
when compared with ET-1.! Nonetheless, the present 
findings call for a re-evaluation of hyperoxygenation, a 
practice that generates oxygen radicals!® and could worsen 
re-oxygenation injuries. The superoxide anion may be a 
central agent for this damage, especially because re- 
oxygenation is associated with a burst of superoxide anions? 
and CPB per se may generate reactive oxygen inter- 
mediates.!? Endothelial cells exposed to hyperoxia for 
30 min produce free radicals via mitochondrial electron 
transport mechanisms.”° Adverse effects on tissue oxygena- 
tion during hyperoxaemic normothermic CPB are known,!! 
and uncontrolled re-oxygenation results in marked produc- 
tion of conjugated dienes as a sign of oxidant damage.!? In 
our patients, no measure of lipid hydroperoxide formation 
as an indicator of oxidant stress was included,!? but oxidant 
damage may increase plasma ET-1 concentrations.'3 We do 
not know if the increased plasma peptide concentrations 
were caused by increased production, decreased pulmonary 
extraction or both. The lungs are exposed to virtually all 
of the cardiac output and thus contain oxygen radicals and 
released ET-1. Alterations of pulmonary function with 
increased venous admixture may alter net clearance or 
production of ET-1 by the lungs. If the adverse effects of 
oxygen caused by hyperoxia can be more clearly attributed 
to tissue oxygenation, we suggest that hyperoxia should be 
avoided and Fig, should be reduced. 

In our study, intrapulmonary shunt was assessed by using 
the oxygen technique, and included regions with low 
ventilation/perfusion ratios. Thus, the ‘oxygen shunt’ was 
not a pure shunt and we therefore call it ‘venous admixture’. 
However, it 1s known that after CPB, regions with low 
ventilation/perfusion ratios are relatively small compared 
with true shunt (5 vs 27% of cardiac output).?! We calculated 





Study conditicns 
High F ip, (group 1) Moderate F Ip, (group 2) 
9/1 5/5 
68 (53-81) 65 (46-80) 
271(55) 257 (5 0) 
19 (02) 18 (02) 
79 (9) 79 (19) 
10 (4) 9 (5) 
25 (5) 19 (5) 
331 (119) 363 (75) 
1 4 
9 6 
116 (34) 84 (38) 
70 (15) 76 (26) 


this shunt, as we did for the single measurement after 
CPB, during pure oxygen breathing, which eliminated any 
contribution to the shunt value from regions with low 
ventilation/perfusion ratios. The oxygen content of 
pulmonary capillary blood was calculated from alveolar 
oxygen tension. The difference between capillary and 
arterial content could have been artefactually increased 
because one of these values was calculated (as a high 
oxygen partial pressure) and the other variables from 
the shunt equation were measured. Although the oxygen 
technique has limitations in the description of intra- 
pulmonary shunt, our calculated venous admixture data 
varied clearly with different Fig. In addition, for our 
clinical trial the oxygen technique was less complex and 
costly compared with other techniques using inert tracer 
gases. 

Arterial plasma ET-1 concentration has a small but 
significant correlation with pulmonary arterial pressure.” 
Arterial ET-1 also correlates directly with right atrial 
pressure, pulmonary vascular resistance to systemic 
vascular resistance ratio, peak airway pressure and airway 
resistance.” The non-significant correlation between plasma 
ET-1 values and pulmonary artery pressure is consistent 
with other studies in which ventilation of the lung with 
100% oxygen had no significant acute effect on vascular 
resistance in the normal human lung.” Pulmonary arterial 
pressure values were not equal in the two groups before 
CPB, indicating the difficulty of getting a good match 
in this kind of a study. Data obtained during different 
oxygenation regimes after CPB showed similar pressure 
values, suggesting no acute effect of post-bypass hyperoxia 
on vascular resistance. Other possible effects of hyperoxia, 
such as inhibition of flow in lymphatic vessels that can 
affect extravascular lung water and thus influence pulmonary 
integrity, were not analysed in our study and could also 
change pulmonary function.” 

Our results suggest that decreasing intraoperative Fo, 
was sufficient to reduce alveolar collapse and subsequent 
pulmonary shunt, and suggest caution in using high Flo, 
after weaning from CPB. Interestingly, a reduction of Fio, 
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from 1.0 to 0.6 reduced venous admixture without lowering 
endothelial peptide concentrations. It is obvious that 
lowering Fig, can increase the risk of hypoxaemia. Twenty 
minutes after CPB, blood gas analysis in five patients 
ventilated with a Fig, of 0.35 revealed a range of PAo, 
from 7.7 to 10.3 kPa, resulting in arterial oxygen saturation 
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Fig 1 Changes in concentrations of Big ET-1 (a), ET-1 (B) and venous 
admixture (C) before cardiopulmonary bypass (Pre) (F 10,=0.5), after 
weaning from the CPB machine before sternal closure (+20 man) (F lo,” 
1.0 ın group 1 and 0 35 ın group 2), 90 min after arrıval in the intensive 
care unit (ICU) (F 1o,=0 6) and on the first postoperative day (Day 1) 
(Figp,=0.4). Data were skewed and are therefore presented as median and 
25-75% interquartile range. Filled circle in the bar denotes different Fig, 
values for groups 1 and 2 (1.0 and 0.35 respectively). Group 2 had an 
outlier with high arterial ET-1 values (range 3 6-4.7 fmol litre™!) throughout 
the study. Comparisons with the patient’s data revealed no explanation for 
this finding. These data were excluded from the statistical analysis im 
order to simplify statistical mterpretation. 


between 90 and 97%. However, acid—base balance was not 
severely affected, with a pH between 7.28 and 7.52. 
Although venous admixture remained slightly greater in 
group 1 than in group 2 on the first postoperative day, there 
was no difference in outcomes, such as time to extubation. 
However, it should be stressed that the time to extubation 
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is influenced by many factors and cannot be used as an 
index of equal pulmonary integrity in the two groups in 
the present study. 

In conclusion, a short period of high Fig, immediately 
after CPB changes endothelial peptide and gas exchange. 
The considerable increase in venous admixture associated 
with hyperoxia and its prolonged effect on pulmonary 
function, which persisted in our patients even on the first 
postoperative day, contrasts with the expected advantages 
of this procedure. The relationship between the oxygen- 
induced increase in peptide plasma concentration and pul- 
monary gas exchange may not be direct. More complex 
mechanisms may be involved, which require further investi- 
gation for their clarification. 
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Changes in systemic, hepatosplanchnic and femoral blood flow and liver function after cardiac 
surgery were studied in I7 patients from April to October 1995. Blood flows were measured 
every 3 h and gastric mucosal PCO, (by tonometry) every hour from arrival in the intensive 
care unit until extubation. Cardiac output and systemic oxygen consumption increased from 
2.83 (0.68) litres min“! m? to 3.17 (0.57) litres min~! m and from 126 (18) ml min“! m7 to 
135 (44) ml min”! m?, respectively (mean (sD), P=0.028 and P=0.019, respectively, baseline 
ys 6 h). The fraction of cardiac output distributed to the splanchnic region decreased from 
0.25 (0.06) to 0.20 (0.04) (P=0.004) while splanchnic oxygen extraction Increased from 0.43 
(0.15) to 0.50 (0.12) (P=0.019). Femoral blood flow increased from 0.18 (0.07) litres min“! 
m™ to 0.23 (0.09) litres min~! m7, (P=0.006, baseline vs 3 h) but femoral oxygen consumption 
_ did not change. Changes in blood flow were not reflected by venous—arterial Pco, gradients. 
Initially high glutathione transferase alpha concentrations decreased and indocyanine green 
extraction was well preserved. We conclude that the predominant increase in peripheral blood 
flow and the increased oxygen uptake In certain regions of the body may increase the risk of 
a mismatch between splanchnic perfusion and metabolic demands. This mismatch was not 


associated with Impaired liver function or cellular integrity. 
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The postoperative course after cardiopulmonary bypass is 
uneventful in the vast majority of patients. Morbidity and 
mortality, though rare,! ? are associated with substantial 
cost.? Gastrointestinal hypoperfusion has been associated 
with the development of postoperative complications.* Even 
patients with an uneventful postoperative course are predis- 
posed to inadequate splanchnic perfusion as demonstrated 
by peri- and postoperative high splanchnic oxygen extraction 
and gastric mucosal acidosis.” Low blood flow is likely 
to contribute but interventions aimed at increasing blood 
flow have had inconsistent results. Perioperative volume 
loading seems to prevent or ameliorate mucosal acidosis 
and outcome.‘ Increasing systemic blood flow does not 
prevent a decrease in gastric mucosal blood flow.® Post- 
operative angiotensin converting enzyme inhibition does 
not increase total splanchnic blood flow but worsens mucosal 
acidosis.? Dobutamine and dopexamine may, paradoxically, 
decrease gastric mucosal pH despite an increased total 
splanchnic blood flow.’ !° The pathogenesis, functional 
consequences and clinical relevance of splanchnic hypo- 


perfusion after cardiac surgery are thus poorly understood. 
Except for tonometry, indices of splanchnic perfusion and 
the possible functional consequences of prolonged hypo- 
perfusion have not been studied longitudinally. The effect 
of complex changes in physiological variables (for example, 
acid-base status, haemoglobin content, oxygen extraction 
and carbon dioxide production) on the relation between 
Pco, and carbon dioxide content have to be taken into 
account in the interpretation of changes in systemic, 
regional or local mucosal Pco, gradients. The effect of 
weaning patients from mechanical ventilation may also 
have profound effects on mucosal perfusion as assessed by 
tonometry.!! The assessment of changes in systemic and 
regional perfusion ın cardiac surgery patients from intensive 
care unit (ICU) admission until extubation together with 
regional and local markers of oxygenation, metabolism and 
cellular integrity may improve the understanding of the 
pathogenesis of splanchnic hypoperfusion after cardio- 
pulmonary bypass, and help to identify those patients at 
risk for development of serious complications. Furthermore, 
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different reasons for apparent gastric mucosal acidosis may 
be identified, which may help in the interpretation of 
tonometry-derived variables in other patient groups. The 
aims of this study were, therefore: (i) to describe longitudinal 
changes in systemic and regional perfusion and metabolism 
after cardiac surgery, including the impact of weaning from 
mechanical ventilation, and to assess their effect on liver 
function and cellular integrity, and (ii) to determine potential 
causes of increased mucosal Pco, by establishing the 
relation between regional carbon dioxide production, PCO, 
and carbon dioxide content. 


Methods 


The study was approved by the ethics committee of the 
hospital and written informed consent was obtained from 
each patient. Seventeen patients were studied after coronary 
bypass surgery. Inclusion criteria were: elective surgery, 
stable cardiac function without clinical signs of heart failure, 
lack of symptomatic cerebral or peripheral vascular disease. 
Systemic (pulmonary artery catheter), hepatosplanchnic and 
femoral (dye dilution) haemodynamics and oxygen transport 
were measured every 3 h and gastric mucosal Pco, (tono- 
metry) every hour during the first 12 h in the ICU or until 
extubation, whichever was shorter. 

Anaesthesia was standardized as previously described.® 
Briefly, anaesthesia was induced and maintained by fentanyl, 
midazolam, alcuronium and pancuronium, and supple- 
mented by thiopental and halothane. Cardiopulmonary 
bypass with a nonpulsatile flow rate of 2-2.7 litres min“! 
m? was used. Systemic hypothermia (32~34°C) and topical 
myocardial hypothermia and hyperkalaemic cardioplegia 
were used. Patients were weaned from cardiopulmonary 
bypass when rectal temperature was =34°C. Phenylephrine 
was used to achieve a mean arterial pressure of 50-55 mm 
Hg during cardiopulmonary bypass. Sedation m the ICU 
was maintained at a Ramsay score!* of 3 until stable 
haemodynamics were achieved. If needed, boluses of 
thiopental and oxycodone were given. In five patients, 
postoperative systolic arterial pressure of =160 mm Hg 
was treated with sodium nitroprusside. If shivering occurred, 
vecuronium was used. Crystalloids and colloids (hydroxye- 
thylstarch, Plasmafusin 6%; Pharmacia—Upjohn, Helsinki, 
Finland) were infused to maintain the pulmonary capillary 
wedge pressure at the level that was assessed clinically to 
be optimal for cardiac performance. The patients’ lungs 
were mechanically ventilated with an Fig, of 0.4-0.5 and 
a PEEP of 5 cm H,O until the haemodynamics and 
peripheral circulation had stabilized. Afterwards sedation 
was stopped and the ventilator mode switched to pressure 
support. Patients were extubated if they had reached a 
Ramsay score of 2, were haemodynamically stable, were 
on pressure support ventilation with <8 cm H30, showed 
no clinical signs of distress and had normal arterial blood 
gases. Systemic oxygen consumption and carbon dioxide 
production were measured by indirect calorimetry 


(Deltatrac; Datex-Ohmeda, Helsinki, Finland). For compar- 
ison of values before and after extubation, oxygen consump- 
tion was calculated according to the Fick principle. 

Regional blood flows were estimated by a primed continu- 
ous infusion of indocyanine green (Cardiogreen; Becton- 
Dickinson Microbiology Systems, Cockeysville, MD, USA) 
as previously described.!3 In the present study, mean (sD) 
indocyanine green extraction (which may also be used as 
a measure of liver function) was 78.5 (11.4) %; the 
coefficient of variation for the three consecutive blood flow 
measurements at 20, 25 and 30 min during each infusion 
of indocyanine green was 9.1 (8.8) % and 3.4 (4.1) % for 
splanchnic and femoral blood flow, respectively. 

Cardiac output was measured by thermodilution (mean 
of three measurements). Arterial Pco2, oxygen saturation 
and haemoglobin were measured by co-oximetry (ABL 
500 and OSM3; Radiometer, Copenhagen, Denmark) and 
systemic and regional oxygen delivery were calculated as 
the product of arterial oxygen content and blood flow. 
Regional oxygen consumption was calculated as the product 
of regional blood flow and arterial-venous oxygen content. 
Systemic and regional venous—arterial carbon dioxide con- 
tents were calculated using an iterative procedure as pro- 
posed by Giovannim and colleagues! (see Appendix). 

Gastric mucosal Pco, was measured hourly by gastric 
tonometry (Tonomitor, Tonometrics, Worcester, MA, USA) 
after 60-90 min of equilibration (first measurement; there- 
after after 60 min of calibration), and analysed with the 
same blood gas analyser as used for the blood samples (ABL 
500; Radiometer). The values were corrected according to 
the blood temperature. Correct positioning of the catheter 
was confirmed by fluoroscopy. H>-receptor antagonists were 
not given. The upper normal limit (mean + 1.96 sp) for 
gastric mucosal—arterial Pco, gradients obtained from 12 
healthy volunteers whose gastric acid secretion had been 
inhibited with H,-antagonists was 3.24 kPa (recalculated 
from the original data of Parviainen and colleagues!>). 
Plasma lactate was measured by an amperometric enzyme 
sensor method (YSI 2300 Stat Plus; YSI Incorporated, 
Yellow Springs, OH, USA), and whole blood pyruvate 
by an enzymatic colour reaction (Sigma UV-706; Sigma 
Diagnostics, St Louis, MO, USA) and spectrophotometry 
(Shimadzu CL-750; Shimadzu Corporation, Kyoto, Japan). 
According to the literature, normal lactate/pyruvate (L/P) 
ratios are <10-15. We measured arterial (plasma) lactate 
and (whole blood) pyruvate in a group of 22 healthy 
volunteers. Their mean (SEM) L/P ratio was 11.0 (0.3). The 
reference range, calculated as proposed by Solberg,!® yielded 
an upper normal limit (mean + 1.96 sp) of 13.5. 

Serum glutathione transferase alpha (GSTA) is a very 
sensitive marker in the assessment of hepatocellular integ- 
rity, both during and after liver transplantation and general 
anaesthesia.!” 18 GSTA concentration was measured by an 
enzyme immunoassay (Hepkit-Alpha; Biotrin International, 
Dublin, Ireland) after storage at —-70°C. The range of 
quantification of the assay was 100-2000 pg ml" (diluted 
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five- ta 10-fold). The upper normal limit (mean + 1.96 sp) 
for arterial samples, obtained separately for males and 
females from 10 healthy volunteers each, was 8.1 ug litre 
(mean 4.4 ug litre!) for men, and 11.2 ug litre"! (mean 
4.1 pg litre!) for women. 

Femoral artery and vein, and hepatic vein catheters and 
a gastric tonometer were inserted, in addition to systemic 
and pulmonary artery catheters, after admission to the ICU. 
The hepatic vein catheter was inserted via the right internal 
jugular vein, and correct positioning of the hepatic vein 
catheter and the gastric tonometer was confirmed by 
fluoroscopy and a small amount of contrast dye (hepatic 
vein catheter). Baseline measurements of haemodynamic 
variables, oxygen transport and mucosal Pco, were taken 
2.65-4.25 h (median 3.35 h) after completion of extra- 
corporal circulation and then every third hour (mucosal 
Pco, every hour). At 20, 25 and 30 min after the start of 
the indocyanine green infusion, blood samples were drawn 
from the catheters for the analysis of blood gases, haemo- 
globin, haematocrit, lactate, pyruvate, indocyanine green 
and glutathione transferase alpha (the latter was measured 
at 20 and 30 min only). A saline sample from the tonometer 
for analysis of PCO, was taken at the end of each indocyanine 
green infusion. 

Because of differences in the duration of mechanical 
ventilation, the number of measurement periods was differ- 
ent for individual patients. At least three measurements (i.e. 
up to 6 h) were taken in all 17 patients; 13 patients were 
studied during four measurement periods, and five patients 
during five measurement periods. The main analysis 
includes data from the first three measurement periods only. 
Haemodynamic variables and oxygen transport data were 
analysed from the individual measurement periods before 
and after extubation. Five patients received sodium nitro- 
prusside during each measurement because of high systemic 
arterial pressure. These patients are marked separately in 
the figures. 


Statistics 


There were no significant differences in oxygen transport 
variables, local and systemic lactate, and venous—arterial 
PcO, gradients between patients with and without sodium 
nitroprusside. This was confirmed by analysis of variance 
(MANOVA) for repeated measurements and using sodium 
nitroprusside as a grouping factor. The patients were, 
therefore, considered to represent a single group. Changes 
over time were analysed by MANOVA, and differences 
between the measurements located by the Wilcoxon signed 
ranks test. The same test was used to analyse differences 
before and after extubation. P values of <0.05 were 
considered statistically significant. All results are presented 
as mean (SD) unless stated otherwise. 


Results 


Clinical data are presented in Table 1. One patient arrived 
in the ICU with a sodium nitroprusside infusion because of 


Table 1. Clinical data (1=17) 





Median Range 
Age (yr) 63 45.68 
Angina pectoris NYHA 3 2-4 
LVEF (%) 70 48-82 
Number of anastomoses 5 2-7 
Cardiopulmonary bypass time (min) 104 54-154 
Aortic occlusion ime (min) 92 42-134 
Preoperative drugs Number of patients 
Angiotensin converting enzyme mbibitors 4 
Beta blockers 17 
Nitrates 13 
Calcium antagonists 2 





high systemic arterial pressure, and four other patients 
received sodium nitroprusside later to treat arterial 
hypertension. Two patients were returned to the operating 
theatre because of bleeding, and two patients received 
temporary inotropic support because of low cardiac output 
after the study had been completed. All patients were 
discharged from the hospital on the sixth or seventh day 
after the operation. Cardiac output and femoral blood 
flow increased and the fractional splanchnic blood flow 
decreased (Table 2). Systemic oxygen consumption and 
carbon dioxide production increased. Splanchnic oxygen 
extraction increased, and femoral oxygen extraction 


decreased (Table 2). Arterial lactate increased minimally 


and remained within the normal range (Table 3). Regional 
but not arterial L/P ratios were high after admission to the 
ICU. While arterial and liver venous L/P ratios decreased, 
the femoral venous L/P ratio remained high. Both arterial 
and hepatic venous glutathione transferase alpha con- 
centration was initially high but decreased later (Table 3). 
Indocyanine green extraction remained high (0.74 (0.14) at 
baseline, 0.82 (0.07) after 6 h; P=0.075). Systemic and 
splanchnic venous—arterial Pco, gradient increased, but 
venous—arterial carbon dioxide content did not (Table 3). 
Femoral venous—artenal Pco, gradient remained high, but 
femoral venous—arterial carbon dioxide content decreased. 
There was substantial within- and between-patient 
variability of gastric mucosal—arterial Pco, gradient. The 
highest gastric mucosal-arterial PCO, gradient was 1.94 
(0.95) kPa; this occurred 4.0 (3.1) h after ICU admission. 

Flow measurements after extubation were obtained from 
11 patients (four patients had not yet been extubated 12 h 
after the first measurements, and two patients were returned 
to theatre; Table 4). Femoral blood flow decreased after 
extubation, but splanchnic blood flow did not change. 
While mucosal Pco, gradients remained stable (Table 4), 
indocyanine green extraction decreased slightly from 0.82 
(0.08) to 0.72 (0.13) (P=0.013). 


Discussion 
There were three main findings. (1) Despite the bigh 
splanchnic oxygen extraction and the low and unchanged 
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Table 2. Haemodynamics, haemoglobin, temperature and oxygen transport vanables (n=17, systemic Voz and VCO. n=11) Values are mean (sp). P time 
effect, multiple analysis of vanance for repeated measurements *P<0 05, {P<001 vs ICU admission, Wilcoxon signed ranks sum test 





ICU admission 3h 6h P 

Heart rate (beat min“) 81 (14) 84 (16) 82 AD 0612 
MAP (mm Hg) 89 (8) 81 (9) 76 (11) 0011 
PAOP (mm Hg) 7 (2) 8 (2) 8 (3) 0.583 
Cardiac index (litre min m 2.83 (0 68) 2.98 (0 63) 317 (057)* 0.047 
Blood flow index (litre mun! m°?) 

Splanchnic 069 (0 22) 0.68 (0.24) 0.64 (0 14) 0.433 

Femoral 0.18 (0.07) 0 23 (0 09)t 0 20 (0.05) <0.001 
Vascular reaistance index (dyn s em” m™) 

Systemic 2560 (850) 2100 (500)* 1880 (380)* 0.001 

Splanchnic 11 500 (4350) 19530 (3230) 10 430 (3550) 0,350 

Femoral 44 180 (14 010) 30 850 (9740)# 31870 (8530)# 0 009 
Vo, index (ml min! m® 

Systemic 126 (18) 133 (16)* 135 (14)* 0012 

Splanchnic 40 (6) 42 (8) N 0.238 

Femoral 10 (2) 19 (3) 9 (2) 0.514 
Veo, index (ml min! m°?) 

Systemic 97 (16) 103 (15)* 104 (11)* 0019 

Splanchaic 27 (5) 29 (9) 27 (5) 0 222 

Femoral 9 (2) 10 (3) 8 (2) 0 124 
Oxygen extraction 

Systemic 0.31 (0.05) 0 32 (0.05) 0 32 (0.06) 0 696 

Splanchnic 043 (0 15) 0 47 (0.14) 0 50 (0 12)* 0.018 

Femoral 041 (0 13) 033 (0 13)* 0 34 (0 10) 0.020 
Blood temperature (°C) 37.6 (0.6) 33.2 (0.5)t 38.3 (0.5)t <0.001 
Haemoglobin (g litre!) 109 (13) 102 (9)t 101 (9)* 0.003 


Table 3. Parameters of local and regional metabolism (n=17; for lactate and pyruvate, n=15). Reference values for venous-—arterial PCO, gradients from 43 
preoperative abdominal surgery patients;*? sources of other reference values are given im Methods Values are mean (sp). P: time effect, multiple analysis of 
variance for repeated measurements. *P<0 05, {P<0.01 vs ICU admission, Wilcoxon signed ranks sum test 


Reference ICU admission 3h 6h P 

PCO gradient (kPa) 

Mixed venous—arterial 064 (0.15) 0.72 (0.14) 0.82 (0 1L)* 0.83 (0.16)* 0.011 

Hepatic venous—arterial 052 (021) 0.45 (0.18) 0.48 (6 13) 0 58 (0 22} 0019 

Femoral venous—arterial 0 59 (0.28) 1.09 (0.29) 0.98 (0 34) 0 97 (0.30) 0.341 

Mucosal-arterial 1.36 (0 96) 126 (126) 1 19 (0 86) 1.46 (0.66) 0.822 
Lactate (mmol lıtre™!) 

Arterial 1 1 (0.4) 1 1 (0.3) 1.2 (0 3)* 1.2 (0 3)* 0017 

Hepatic 0.6 (0.2) 0.7 (0 3) 0.7 (0.3) 0277 

Femoral 14 (0.3) 1.5 (03) 15 (0.4) 0 152 
Pyruvate (jimol bere") 

Arterial 99 (29) 81 (21) 91 (23) 117 (46)t 0.003 

Hepatic 52 (26) 71 (38)* 84 (53) 0.034 

Femoral 84 (28) 99 (26)* 108 (32)t 0.002 
L/P ratio 

Arterial 11 (2) 14 (2) 14 (3) 12 (Dt <0 001 

Hepatic 18 (15) 11 G)* U (4) 0.047 

Femoral 17 (2) 16 (3) 15 3) 0.064 
GSTA (jig litres!) 

Arterial 43 (28) 15 (13) 6.3 (5 9)t 4.2, (3.4)t <0.001 
Hepatic 18 (14) 10 (15)T 56 (42)t 0 003 


femoral oxygen consumption, systemic blood flow was 
redistributed to peripheral tissues. (ii) Although splanchnic 
oxygen extraction was high, we found no evidence of 
impaired liver function or cellular integrity. (ii) The 
adequacy of blood flow could not be assessed from changes 
in systemic and regional venous—arterial Pco, gradients. 
Increasing metabolic activity and a preferential increase 
in peripheral perfusion may account for the increase in 
Splanchnic oxygen extraction. In certain patients, splanchnic 
" oxygen extraction.was in the range where organ dysfunction 
f ‘ 


or damage is likely to occur.!%.20 Even under these condi- 
tions, subsequent weaning from the ventilator had very little 
effect, and the oxygen transport to splanchnic tissue did 
not deteriorate further. Metabolic needs increase after 
cardiopulmonary bypass.° !° Compromised cardiac function, 
resulting from either pre-existing cardiac disease or post- 
operative myocardial dysfunction,*! may limit the increase 
in systemic blood flow, so redistribution of flow to regions 
with increasing oxygen demands is likely to occur. Though 
we could not determine where oxygen consumption 
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Table 4 Haemodynamucs and oxygen transport variables (n=11) and mucosal- 
arterial PCO, gradients (n=10) before and after extubation (mean (sD)) 


Before After P 
extubation extubation 

Cardiac index (litres mun“! m?) 3.13 (0 60) 3.24 (0 57) 0.131 
Blood flow index (litres mm! m?) 

Splanchnic 0.63 (0.14) 073 (0.25) 0 110 

Femoral : 0 23 (0 05) 0 20 (0 04) 0016 
Vascular resistance index 

(dyn s cm m7) 

Systemic 1970 (330) 1850 (320) 0114 

Splanchnic 10 800 (3380) 9820 (2100) 0.214 

Femoral 28 940 (5640) 33760 (8860) 0.047 
Vo index (ml mn! m-) 

Systeruc 131 (24) 136 (20) 0.374 

Splanchnrc 42 (71) 45 (8) 0.374 

Femoral 9 (2) 10 (2) 0 248 
Oxygen extraction 

Systemic 0.32 (0 05) 0.39 (0.10) 0 062 

Splanchnic 0 48 (0 08) 0.43 (0 09) 0 062 

Femoral 0 30 (0.09) 0.34 (0.07) 0.075 
Gastric mucosal—artenal 0 90 (1.08) 0.80 (1.18) 0 500 

Pco, gradient (kPa) 





increased, the brain (recovery from anaesthesia), respiratory 
muscles (weaning from mechanical ventilation) and skin 
(rewarming) may all have contributed. 

Despite high and increasing splanchnic oxygen extraction, 
blood flow was also redistributed to the leg, where oxygen 
extraction was low, and oxygen consumption was stable 
and low. Thermoregulatory effects may have played a role: 
increasing peripheral temperature after cardiopulmonary 
bypass can be achieved by locally increasing either 
metabolism” or blood flow. During rewarming, skeletal 
muscle oxygen demand may increase substantially because 
of shivering. There was no shivering in the study patients. 
Furthermore, since oxygen consumption in the leg did not 
change, an increase in skeletal muscle oxygen demand is 
very unlikely. Vasoregulation, aimed to achieve passive 
rewarming of the extremities, may have favoured femoral 
rather than splanchnic blood flow. Another explanation is 
disturbed vasoregulation after peripheral vasoconstriction 
and ischaemia during cardiopulmonary bypass (reperfusion). 
The high L/P ratios in femoral venous blood after ICU 
admission support this hypothesis. Finally, it is posssible 
that increased femoral blood flow and splanchnic oxygen 
extraction occur in parallel in these patients, rather than 
being coupled phenomena. 

The high splanchnic oxygen extraction, exceeding 0.75 
in some patients, suggests that organ dysfunction may arise. 
Despite the marginal perfusion of the splanchnic organs, 
we found no evidence of organ dysfunction. Liver function, 
as assessed by indocyanine green extraction, was normal. 
Individual high splanchnic L/P ratios (up to 65) at ICU 
admission resulted from low pyruvate rather than high 
lactate concentrations, and are therefore unlikely to indicate 
anaerobic metabolism.” As a result of the high lactate 
extraction capability of the liver, only excessive anaerobic 
mesenteric metabolism or frank liver hypoxia will result in 
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systemic hyperlactataemia. It is likely that the observed 
increase in splanchnic oxygen extraction was sufficient to 
compensate for the lack of increase in blood flow and to 
maintain aerobic metabolism in the splanchnic region. 

The only sign of subclinical organ damage was the 
increased concentration of GSTA at ICU admission. The 
increase in the arterial GSTA concentration was slightly 
higher than that during halothane or isoflurane anaesthesia 
but far lower than that during postoperative bleeding.!® It 
is possible that halothane was causally involved in the 
release of GSTA, but this seems unlikely because it was used 
only during brief episodes and the first GSTA measurements 
were taken several hours after that. Increased GSTA release 
and decreased elimination can both result in increased 
GSTA blood concentrations, Because the half-life of GSTA 
is short,!? increased release seems more likely. The sub- 
sequent decrease in both arterial and liver vein GSTA 
concentration indicate that the disturbance of the integrity 
in GSTA-producing cells during cardiopulmonary bypass 
subsequently resolved. GSTA-producing cells are mainly 
hepatocytes, renal tubular and small intestine epithelial 
cells.24 Though the mean GSTA concentrations in arterial 
blood were lower than those ın hepatic venous blood, the 
differences were usually small, and in four patients the 
arterial concentration was higher than the liver venous 
concentration at least during one measurement period. This 
suggests that the liver may take up GSTA, and may not 
necessarily be the main origin of GSTA production in 
individual patients. Possibly, renal tubular cells release a 
substantial amount of GSTA, since subclinical renal damage 
may occur after cardiopulmonary bypass.” Weaning from 
the ventilator did not lead to any deterioration in liver 
function or cellular integrity. 

It has been suggested that venous—arterial Pco, gradients 
are useful variables in the monitoring of perfusion.” 2’ In 
this study, neither systemic nor regional venous—arterial 
Pco, gradients reflected changes in blood flow (Fig. 1A). 
Flow changes will affect venous—arterial carbon dioxide 
content differences. Under stable conditions the relation 
between carbon dioxide content and Peco, is almost linear. 
This is not the case if haemoglobin, pH, the absolute values 
of arterial and venous Pco, or oxygen saturation change. 
The latter is known as the Haldane effect: increasing oxygen 
saturation will increase the Pco, for any given carbon 
dioxide content. Figure 18 shows the inconsistent relation- 
ship between changes in splanchnic venous—arterial carbon 
dioxide content and venous—arterial PCO, gradients. The 
measured shifts in pH, haemoglobin, arterial and venous 
Pco, and, most importantly, venous oxygen saturation in 
the postoperative period explain these findings. Since we 
did not measure gastric mucosal oxygen saturation, mucosal 
arterial carbon dioxide content could not be calculated. 
Nevertheless, changes in tissue oxygen extracfion-wt o 
affect gastric mucosal-arterial Pco, gradients. In’ inth yi 
patients, increasing mucosal-arterial Pca gradients o.nbt 
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Fig 1 Relation between liver venous—artenal PCO, gradients and splanchnic 
blood flow (A), and arteriovenous carbon dioxide content (B). Three 
measurements for each patients are shown Triangles mark the last 
measurement. Dashed lines: patients who received sodium nitroprusside. 
The insets indicate group mean (sp) from the first and the third measurements 


necessarily reflect an inadequate blood flow in relation to 
the carbon dioxide production. 

Extubation was associated with redistribution of sys- 
temic blood flow: femoral blood flow decreased while 
global and local splanchnic perfusion was maintained. 
Blood flow may have been redirected to the respiratory 
muscles. It has been shown that splanchnic ischaemia, 
defined as low gastric mucosal pH, is a good predictor 
of weaning failure.!! 28 Weaning from the ventilator did 
not fail in any of our patients, even though splanchnic 
perfusion was marginal in some of them. However, the 
patients had been on the ventilator for a short time only, 
and their preoperative lung function was normal, which 
may explain the discrepancies. 

We conclude that the predominant increase in peripheral 
blood flow, despite unchanged oxygen demands—caused 
either by thermoregulation or by disturbed vasoregulation 
after ischaemia—together with increased oxygen uptake in 
certain regions of the body increase the risk of a mismatch 
between splanchnic perfusion and metabolic demands. Post- 
operative changes in oxygen extraction, pH and haemodilu- 


tion alter the relation between PCO, and carbon dioxide 
content, and explain why systemic and regional venous— 
arterial Pco, gradients do not necessarily reflect the 
adequacy of blood flow in individual patients. We suggest 
that high splanchnic oxygen extraction and restored femoral 
vasoregulation are the most likely reasons for an opposite 
redistribution of blood flow—away from the femoral region- 
after extubation. The overall relatively moderate changes 
in oxygen transport variables and the uncomplicated clinical 
course should be interpreted in the context of the selected 
patients, who had stable cardiac function and no clinical 
signs of heart failure. 


Appendix 


Calculation of the veno-arterial carbon dioxide 
content 


Veno-arterial carbon dioxide content was measured using 
the method developed by Giovannini and colleagues.!* 
Briefly, arterial carbon dioxide content is determined from 
the content of combined carbon dioxide in plasma (Cago,p) 
and red blood cells (Cago,r), dissolved carbon dioxide and 
haematocrit. Caco,p is calculated from arterial carbon 
dioxide tension and plasma pH (pH,) by using the 
Henderson—Hasselbalch equation. The ratio between Caco, 
and Caco,p is a function of plasma pH and arterial oxygen 
saturation (Sao). The increase in blood carbon dioxide 
content resulting from an increase in carbon dioxide tension 
and from the simultaneous decrease in Sao, which occurs 
when arterial blood becomes venous, is calculated by taking 
these two components into account separately, and by using 
the mathematical model developed and described in detail 
by Giovannini and colleagues.!4 This model simulates the 
equilibration of whole blood at increasing carbon dioxide 
tensions to determine the virtual values of combined carbon 
dioxide content in plasma and of plasma pH, resulting from 
the increase in carbon dioxide tension from arterial to 
venous value at constant Sao,. In a further step the increment 
in blood carbon dioxide content that is related to the 
decrease in oxygen saturation from arterial to venous value 
at constant carbon dioxide tension is then calculated. The 
total increment in carbon dioxide content from arterial to 
venous blood is finally calculated from the sum of both 
changes. The venous arterial carbon dioxide content calcu- 
lated using this model compared well with and did not 
differ significantly from results of 26 previously published 
measurements (references cited in reference 14), 


Comparison between measured and calculated 
oxygen consumption (Voz) and carbon dioxide 
production (VCO) 

In the total of 51 measurements, systemic oxygen consump- 
tion—as measured by indirect calorimetry—was significantly 
higher than Vo,Fick (P<0.01), whereas Vco, calculated 
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Fig 2 Bland-Altman diagram for comparison of Vco2 (Voz) obtained by two 
different methods (pooled data; see Appendix for further explanation) 


was higher than Vco, measured by indirect calorimetry 
(P=0.006). The mean (sp) difference between the two 
methods was small: —4.35 (10.0) ml min! m? (Voz), and 
4,27 (12.5) ml min m? (Vco,), but significantly different 
from zero (confidence interval ~7.4 to -1.3 ml min! m? 
(Voz); 0.6-7.9 ml min“! n? (Vco,)). Despite the difference, 
Vo,Fick (Vco, calculated) and Vo, (Vco2) measured by 
indirect calorimetry correlated well [r?=0.75, P<0.01 
(Vo); 7 =0.82, P<0.01 (Vco,)]. A good agreement between 
the two methods is also demonstrated in the Bland—Altman 
graph? (Fig. 2). 
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Remifentanil may be an alternative to conventional opioids for minimally invasive direct 
coronary artery bypass surgery because of Its extremely short duration of action. The alm of 
this study was to investigate the effects of remifentanil on myozardial blood flow, metabolism 
and systemic haemodynamic variables in patients with coronary artery disease. After approval 
by the local ethics committee, 12 male patients were investigated before elective coronary 
artery bypass grafting. Systemic haemodynamic variables, myocardial blood flow and metabolism 
were measured when patients were awake and when they wera anaesthetized with high-dose 
remifentanil (2.0 ug kg! min`}, or with remifentanil 0.5 ug kg! min! combined with propofol 
(target-controlled infusion aiming at a plasma concentration of 2.0 pg mf"'). Myocardial blood 
flow was measured using a modified Kety—Schmidt technique. High-dose remifentanil anaesthesia 
significantly reduced cardiac index (Cl) (-25%) as a consequence of a decrease in stroke 
volume index (SVI) (—14%) and heart rate (— 13%). Mean arterial pressure (MAP) was 30% 
lower than that in the awake patient. Myocardial blood flow and myocardial oxygen uptake 
(MVo,) decreased by 30% and 42%, respectively. In contrast to high-dose remifentanil 
anaesthesia, systemic vascular resistance index (— 14%) during remifentanil/propofol anaesthesia 
was significantly lower than that In the awake patient. Other haemodynamic variables, and 
myocardial blood flow and MYO», did not significantly differ from the high-dose remifentanil 
period. In conclusion, high-dose remifentanil reduces SVI, heart rate, MAP, myocardial blood 
flow and MVo, and Its effects do not differ from those of remifentanil/propofol anaesthesia. 
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In addition to causing loss of consciousness and analgesia, 
anaesthesia for coronary artery bypass grafting (CABG) 
has to provide haemodynamic stability, maintain integrity of 
myocardial function and minimize sympathetic response to 
surgical stimuli. Anaesthesia, therefore, is often performed 
using high-dose opioids combined with benzodiazepines. 
In addition to the consequences of hypothermic cardio- 
pulmonary bypass, the long duration of action of the applied 
opioids- may also contribute to the need for postoperative 
ventilatory support. The development of new minimally 
invasive techniques allows cardiac surgical intervention 
without using hypothermic cardiopulmonary bypass.! Early 
extubation at the end of surgery seems to be practicable in 
patients with uncomplicated intraoperative course.” In these 
cases, the use of short-acting anaesthetic drugs may be 
advantageous. 


Remifentanil is a new, short-acting opioid with a context- 
sensitive half-time of about 3.0 min.’ It is metabolized by 
non-specific plasma and tissue esterases‘ and its elimination 
is, therefore, independent of hepatic and renal function.’ 
Remifentanil has metabolites with minimal intrinsic activity. 

Initial studies® ” investigating remifentanil for cardiac 
anaesthesia did not find any differences in systemic haemo- 
dynamic responses, time of rewarming, blood loss and 
pulmonary gas exchange in the postoperative period when 
compared with fentanyl. However, in patients treated with 
remifentanil, the trachea could be extubated significantly 
earlier. Little information is available about the effects of 
remifentanil on myocardial blood flow and metabolism. 
The aim of this prospective clinical study’ was to investigate 
in detail the effects of high-dose remifentanil anaesthesia 
and remifentanil/propofol anaesthesia on systemic haemo- 
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Table 1. Patient characteristics Ate, atenolol, Am, amlodipin; Bis, bisoprolol, Cap, captopril; Cel, celiprolol; Dil, diltiazem, Ena, enalapril; Fel, felodipin, Hyd, 
hydrochlorthiazade, Iso, isosorbide dinitrate, Ism, 1s0sorbide mononitrate, Lis, lisinopril, Met, metoprolol, Mg, magnesium, Mib, mubefradil, Mol, molsidomin, 
Mox, :noxonidın, Pen, pentsenthryltetranitrate, Ram, ramipril, Sot, sotalol, LAD, left anterior descending coronary artery; Cx, circumflex coronary artery, RCA, 








right coronary artery 
No. Hypertension History of MI NYHA Cardiovascular Location of coronary 
classification medication artery disease 
1l aooo e a e a 
1 + ~ I Ate, Ism LAD, Cx, RCA 
2 + - m Amil, Mg, Sot LAD, Cx, RCA 
3 + + 0 Iso, Lis, Met, Mol LAD, Cx, RCA 
4 + cd I Mib LAD, Cx, RCA 
5 + a 0 Cel, Mol, Ram LAD, Cx, RCA 
6 + a Il Fel, Hyd, Iso, LAD, Cx, RCA 
7 = + 0 Ate, Cap, Iso, Mol LAD, Cx 
8 + - iii Du, Ena LAD, Cx, RCA 
9 + + H Ate, Iso, Mol LAD, Cx, RCA 
10 = > seg Lis, Pen LAD, Cx, RCA 
11 + + I Cap, Iso, Mol, Mox LAD, Cx, RCA 
12 + + m Bis, Cap LAD, RCA 


dynamic variables, myocardial blood flow and myocardial 
metabolism in patients with coronary artery disease. 


Methods 


The study was approved by the local institutional review 
committee and written informed consent was obtained from 
each patient.. 


Patients 

Twelve male patients (mean (SD) age 61 (range 52-69) yr, 
weight 91 (12) kg, height 175 (9) cm, body surface area 
2.1 (0.2) m*) with coronary artery disease were investigated 
before elective CABG surgery. Individual patients’ charac- 
teristics, location of coronary artery disease and long-term 
medication are given in Table 1. Patients with preoperative 
evidence of a stenosis of the left main coronary artery, 
valvular heart disease, impaired left ventricular function 
(ejection fraction <40%), neurological disorders, increased 
plasma concentrations of transaminases or creatinine, or 
coagulopathy were excluded from the study. Antiarrhythmic 
and antihypertensive medications were continued until the 
day of surgery. Premedication consisted of flunitrazepam 
2 mg orally on the evening before surgery, and the next 
morning before the beginning of the study period. 


Catheterization 


After arrival in the theatre, ECG leads were attached and 
continuous ST-segment analysis of lead Il and Vs (60 ms 
after j-point; Sirecust 1281; Siemens, Erlangen, Germany) 
was initiated. A 20-gauge catheter was placed in the radial 
artery for measurement of mean arterial pressure (MAP). 
Subsequently, the following catheters were inserted: (i) a 
flow-directed pulmonary artery catheter (ARROW Hands- 
off thermodilution catheter AH-05000) via the left internal 
jugular vein for measurement of central venous pressure 
(CVP), mean pulmonary artery pressure (PAP), pulmonary 
capillary wedge pressure (PCWP), and cardiac output; (ii) 
a Goodale—Lubin catheter (7.0 F, USCD via the right 





internal jugular vein into the coronary sinus for measure- 
ment of coronary sinus pressure and coronary sinus blood 
sampling; (úi) a second Goodale—Lubin catheter, of identical 
diameter and length, via the left femoral artery in the 
descending aorta. The Goodale-Lubin catheters, which 
were used to measure myocardial blood flow, exhibit only 
minimal loss of gas by diffusion. The positioning of 
both Goodale—Lubin catheters and of the pulmonary artery 
catheter was verified by fluoroscopy. Body temperature was 
kept constant using convective air warming. 


Clinical protocol and measurements 


The first measurement was performed in the awake patient. 
Anaesthesia was then induced with remifentanil 1.0 
ug kgl, etomidate 0.2 mg kg. Tracheal intubation was 
facilitated with pancuromum bromide 0.1 mg kg. After 
tracheal intubation, the lungs were ventilated by a volume- 
controlled respirator (AV 1; Driger, Germany) with a Fig, 
of 0.3. Arterial blood gas analyses (ABL 500; Radiometer, 
Copenhagen, Denmark) and continuous end-expiratory 
carbon dioxide measurements (Capnomac Ultima; Datex, 
Helsinki, Finland) were performed to venfy normo- 
ventilation (arterial Pco, 5.3 (0.3) kPa). A second measure- 
ment was performed under anaesthesia with remifentanil 
2.0 pg kg“ min”! and a third measurement under anaesthesia 
with remifentanil 0.5 ug kg! min’ combined with a 
target-controlled infusion of propofol aiming at a plasma 
concentration of 2.0 ug ml“. A resting period of at least 
30 min before each measurement was part of the study 
protocol to ensure steady state conditions. 

At the beginning of each measurement period, heart rate, 
MAP, CVP, coronary sinus pressure, PAP and PCWP were 
recorded (Sirecust 1281, Siredoc 220; Siemens, Erlangen, 
Germany). Cardiac output was assessed by thermodilution 
as the mean of three injections of 10 ml ice-cooled isotonic 
saline solution randomly spread over the respiratory cycle. 
Arterial and coronary sinus blood samples were drawn in 
duplicate immediately before and after each period of 
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myocardial blood flow measurement for determination of 
pH (pHan» pHa), blood gas tensions (Pao, Pcso,, Paco,, 
Pcsco,), oxygen saturation (Sag,, Scso,), haemoglobin (CO 
Oximeter IL 282; Woodstock, NY, USA), glucose, lactate 
(standard test kits; Boehringer, Mannheim, Germany) and 
electrolyte concentrations (NOVA CRT 1, Waltham, MA, 
USA). The mean of the two samples was calculated and 
used for further analysis. Additional arterial blood samples 
were withdrawn in duplicate for determination of epineph- 
rine and norepinephrine plasma levels (HPLC with fluores- 
cence detection; coefficient of variation 3.8%). Myocardial 
blood flow was measured by a modified Kety—Schmidt 
technique using argon as the tracer?’ (coefficient of variation 
5.1%). A pre-prepared gas mixture containing 70% argon 
and 30% oxygen was administered to the awake patient via 
a tightly fitting mouthpiece and to the anaesthetized patient 
via the tracheal tube. Blood samples from the arterial and 
the coronary sinus catheter were withdrawn into glass 
syringes at a constant rate during the saturation period in 
duplicate by use of a high-precision aspiration pump (modi- 
fied Unita I; Braun, Melsungen, Germany). Argon wash-in 
periods of 5 min were used for all measurements. Triple 
determinations of argon concentrations in each arterial and 
coronary venous blood sample were carried out after vacuum 
extraction by gas chromatography and B-1onization detec- 
tion. An argon myocardium/blood partition coefficient of 
1.1 was used for calculation of myocardial blood flow. 


Calculations 


Cardiac index (CD, stroke volume index (SVD), systemic and 
pulmonary vascular resistance indices (SVRI and PVRD), 
arterial and coronary sinus oxygen content (Cag, and Ccso, ) 
were calculated according to standard formulae. Myocardial 
uptake of oxygen (MV02) and glucose were calculated as 
the product of the respective arterial—coronary sinus content 
differences and myocardial blood flow. Myocardial lactate 
extraction was calculated as the ratio between the arterial- 
coronary sinus content difference and arterial lactate content. 
Coronary perfusion pressure was calculated as the difference 
between mean diastolic pressure and PCWP, and coronary 
vascular resistance was calculated as the ratio between 
coronary perfusion pressure and myocardial blood flow. 


Statistics 

Results are expressed as mean (SD). Parametric statistical 
analysis was performed by one-way analysis of variance 
using a repeated measures design. Scheffe’s test was used 
for two-tailed post hoc comparison of data if appropriate. 
P<0.05 was considered significant. All statistical proced- 


ures were performed on a microcomputer with the STAT- 
ISTICA software package (Statsoft Inc., release 4.5). 


Results 


Haemodynamic data and the results of arterial and coronary 
sinus blood gas analyses are given in Table 2. 


High-dose remifentanil reduced MAP by 30% (P<0.05) 
compared with the awake period. This resulted primarily 
from a 25% decrease in CI (P<0.05), which was accompap- 
ied by a concomitant decrease in SVI and heart rate by 
14% (P<0.05) and 13% (P<0.05), respectively. CVP was 
26% greater than in awake patients (P<0.05) but PCWP 
did not change. There was no significant change in SVRI, 
PVRI or PAP. 

Maintaining anaesthesia with remifentanil and propofol 
reduced MAP and PAP by 37% (P<0.05) and 12% 
(P<0.05), respectively, compared with the awake period. 
During this period the decrease in MAP was caused mainly 
by a decrease in CI and SVRI by 24% and 25%, respectively 
(both P<0.05). The decrease in CI was caused by a 19% 
decrease in heart rate (P<0.05); SVI was not significantly 
different from that in awake patients. Similarly to the high- 
dose remifentanil period, CVP was 26% higher (P<0.05) 
and PVRI and PCWP remained unchanged. No significant 
differences were found for all investigated haemodynamic 
variables between high-dose remifentanil and remifentanil/ 
propofol anaesthesia. 

Maintaining anaesthesia with high-dose remifentanil and 
remifentanil/propofol reduced the plasma concentration of 
epinephrine by 56% and 63%, respectively (both P<0.05), 
and reduced the plasma concentration of norepinephrine by 
47% and 66%, respectively (both P<0.05) compared with 
the awake period. 

Mean values of myocardial blood flow, coronary perfusion 
pressure, coronary vascular resistance and myocardial meta- 
bolic variables are given in Table 3. High-dose remifentanil 
reduced coronary perfusion pressure by 32% (P<0.05) 
compared with the awake period. Myocardial blood flow 
decreased by 30% (P<0.05) whereas coronary vascular 
resistance did not change significantly. The reduction of 
myocardial blood flow was accompanied by a decrease in 
MVo, and myocardial glucose uptake by 42% (P<0.05) 
and 59% (P<0.05), respectively. This resulted in a decrease 
in the arterial coronary sinus oxygen content difference 
(acsDo2) by 19% (P<0.05), indicating reduced myocardial 
oxygen extraction. 

During remifentanil/propofol anaesthesia, coronary perfu- 
sion pressure decreased by 40% (P<0.05) compared with 
that in awake patients. During this measurement period, the 
decrease in myocardial blood flow by 25% (P<0.05) was 
associated with a reduction in coronary vascular resistance 
by 29% (P<0.05). MVo, and acsDo, decreased by 44% 
(P<0.05) and 25% (P<0.05), respectively. AcsDo, 
decreased more than in the high-dose remifentanil period, 
indicating a further decrease in myocardial oxygen extrac- 
tion. During remifentanil/propofol anaesthesia, the decrease 
in myocardial uptake of glucose (72% of the awake state) 
was not significantly different from that during high-dose 
remifentanil anaesthesia (P<0.05). 

No signs of ischaemia were detected in any of the patients 
throughout the study period: myocardial lactate extraction 
did not reach negative values greater than —5% and continu- 
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Table 2. Mean (sp) of global haemodynamic variables, blood gas analyses and body temperature MAP, mean arterial pressure, CVD, central venous pressure, 
PAP, mean pulmonary artery pressure, PCWP, pulmonary capillary wedge pressure, SVRI, systemic vascular resistance index, PVRI, pulmonal vascular resistance 





index, and Scso,, artenal and coronary sinus oxygen saturation, , arterial oxygen partial pressure; , arterial carbon dioxide partial pressure, 
Toiadden DOdy temperature, measured in the unary bladder *P<0 05 compared with awake, tP<0 05 remifentanil propofol compared with remifentam! 
, Awake Remifentanil Remifentanil/propofol 
Cardiac index (litres mn~ m~?) 3.2 (0.7) 24 (0.4)* 24 (04)* 
Stroke volume index (ml m7?) 47 (9) 40 (8)* 43 (6) 
Heart rate (beats min™!) 69 (14) 60 (10)* 56 (9)* 
MAP (mm Hg) 109 (13) 76 (9)* 68 (6)* 
CVP (mm Hg) 8 (2) 9 (2) 9 (2)* 
PAP (mm Hg) 20 (4) 18 (3) 18 (3)* 
PCWP (mm Hg) 10 (3) 11 (2) 11 (3) 
SVRI (dyn s cm™5 mî) 2650 (593) 2315 (470) 1997 (380)* 
PVRI (dyn s cm™5 mô?) 268 (90) 264 (84) 231 (59) 
Seo, (%) 97 (1) 97 (2) 98 (1)t 
Sc8o, (%) 30 (6) 35 (4)" 36 (3)* 
Pag, (kPa) 12.8 (1.8) 129 (3.3) 13.9 3 1) 
Paco, (kPa) 54 (04) 5.2 (0.4) 50 (04) 
Arterial pH 7 42 (003) 7.42 (0.05) 744 (005) 
[Na+] (mmol Litre™}) 140 (3) 141 (2) 141 (3) 
[K+] (mmol htre~') 4,3 (0.8) 43 (0.7) 42 (06) 
Toisdaer CC) 36 5 (0.4) 36 4 (0.4) 36 4 (05) 





Table 3. Mean (Sp) of catecholamine concentrations, myocardial haemodynamic and metabolic variables. CPP, coronary perfusion pressure, CVR, coronary 
vascular resistance; myocardial blood flow, myocardial blood flow; acsDO, arterial coronary sinus oxygen content difference, MVO, myocardial oxygen uptake, 


MGU, myocardial glucose uptake, MLE, myocardial lactate extracnon *P<0 05 compared with awake, {P<0.05 remufentanil/propofol compared with remifentanil 


Awake Remifentanil Remifentanil/propofol 
Epinephrine (pg mi~!) 115 (UIT) 54 (35)* 45 (24)* 
Norepinephrine (pg mi~?) 209 (143) 111 (90)* 71 (70)* 
CPP (mm Hg) 85 (11) 58 (9)* 51 (1)* 
CVR (mm Hg ml~! min 100 g) 0 94 (0.24) 0.82 (0.22) 0 67 (0 24)* 
Myocardial blood flow (ml 100 g7? mn~?) 86 (26) 61 (11)* 65 (17)* 
AcsDo, (ml) 12106 9.8 (1.6)* 91(13)t 
MVo (mi 100 g™? min74) 102 (2 3) 5.8 (08)* 5.7 (0.8)* 
MGU (mg 100 g™! min™}) 2.0 23) 0.74 (0.41)* 0 48 (0.22)* 
MLE (%) 13.3 (12.1) 9.4 (7.2) 84 (79) 





ous ST-segment analysis did not detect any abnormalities 
in ECG leads I and Vs. 


Discussion 

Our data demonstrate that high-dose remifentanil and mod- 
erately dosed remifentanil combined with propofol preserve 
haemodynamic stability and reduce myocardial blood flow 
and myocardial metabolism to a similar extent ın patients 
with coronary artery disease. We observed no significant 
differences between these two anaesthetic techniques with 
respect to systemic haemodynamic responses. 

It is difficult to compare our data in detail with data from 
other groups, primarily because of differences in study 
design. Most studies investigating the haemodynamic effects 
of remifentanil were performed intraoperatively’? |! and did 
not include measurement of cardiac output. Our study 
was performed in patients before CABG surgery after 
standardized premedication with flunitrazepame 2 mg orally 
the evening before surgery and the morning of surgery to 
minimize the risk of awareness during the study period 
under high-dose opioid anaesthesia. 

Warner and co-workers! found a decrease in heart rate 


and MAP after application of remifentanil, which is in dine 
with our results. In other studies, sufentanil? and fentanyl! 
reduced MAP by 15% and 26%, respectively, and CI by 
28% and 21%, respectively. In contrast to sufentanil] and 
fentanyl, the reduction in CI induced by remifentanil was 
accompanied by a decrease in heart rate. However, severe 
bradycardia has been reported after administration of rem- 
fentanil!* 15 and after administration of sufentanil.!6 17 
The administration of muscle relaxants without vagolytic 
properties,'® !7 or pretreatment with drugs with negative 
chronotropic properties, such as calcium channel blockers 
or beta-blockers,!4 may contribute to the occurrence of 
bradycardia. In our study 58% of patients were pretreated 
with a beta-blocker. In these patients the decrease in heart 
rate did not differ from that in patients without beta- 
blockade. Severe bradycardia did not occur in any patient 
during the period of investigation. The lowest heart rate 
(45 beats min`!) occurred in a patient (no. 12) pretreated 
with beta-blockers. However, this patient had a low heart 
rate when awake, and so the change in heart rate induced 
by remifentanil did not differ from the mean change. 
Warner and co-workers reported that the haemodynamic 
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effects of remifentanil were dose-dependent, but this result 
could not be reproduced by Sebel and colleagues,!! who 
found a dose-independent decrease in heart rate, diastolic 
and systolic blood pressure. The difference in the results 
of these two studies may have been caused by the use of 
variable concentrations of isoflurane. The study protocol of 
these studies allowed the additional use of isoflurane in 
order to complete the insufficient blockade of sympathetic 
responses to surgical stimuli by opioids.'* 18 19? Another 
argument for supplementing remifentanil with other anaes- 
thetics is that loss of consciousness is incomplete when 
remifentanil 1s used as the sole anaesthetic agent, even in 
extremely high doses.”° In order to study an anaesthetic 
regime which can be applied to clinical practice, we 
thus investigated not only high-dose remifentanil but also 
moderately dosed remifentanil combined with a target- 
controlled infusion of propofol. It 1s known from a variety 
of studies that the target-controlled infusion based upon a 
pharmacokinetic model may produce more reliable plasma 
concentrations.?! 22 

Stephan and colleagues” found that, after induction of 
anaesthesia with propofol, CI was reduced by 19% whereas 
heart rate increased by 12%. After administration of fentanyl 
and during sternotomy, CI remained unchanged and heart 
rate returned to values obtained in the awake patient. 
Despite the different study design we found sumilar changes 
in CI during remifentanil/propofol anaesthesia. Some study 
groups have found that heart rate is unchanged or increases 
during total intravenous anaesthesia with propofol,” %4 but 
our results were in line with the findings of other study 
groups.” ?6 In contrast to the results of Stephan and col- 
leagues,” we found that SVRI was lower after 
supplementation of propofol than during the awake period, 
which may be explained by the lack of surgical stimulus in 
our study. Dumng the period of high-dose remifentanil 
anaesthesia, SVRI showed a tendency to decrease but did 
not change significantly. 

During the high-dose remifentanil period in our study, 
the 32% decrease in coronary perfusion pressure was 
paralleled by a 30% decrease in myocardial blood flow. 
Myocardial oxygen uptake decreased by 42% while coron- 
ary vascular resistance remained unchanged. Our findings 
were comparable to those from other studies which showed 
that coronary vascular resistance did not change after 
application of morphine,!® fentanyl?’ or sufentanil.!227 In 
these studies the reported decreases in coronary perfusion 
pressure and myocardial blood flow were less than those 
in our study. It can be argued that the decreased coronary 
perfusion pressure found in our study would risk impairment 
of coronary perfusion in areas supplied by stenotic coronary 
arteries. Yet we found a decrease in arterial coronary sinus 
oxygen content difference, implying that global myocardial 
oxygen supply increased. 

During the period of remifentanil/propofol anaesthesia, 
myocardial blood flow decreased by only 25% whereas 
coronary perfusion pressure decreased by 40%. As a result, 


the calculated coronary vascular resistance decreased signi- 
ficantly, by 29%. This finding was in contrast to the finding 
of Stephan and co-workers,~ who found an increased 
coronary vascular resistance during fentanyl/propofol anaes- 
thesia. In addition to the differing pharmacodynamic proper- 
ties of the opioids, differences in study design may explain 
this discrepancy, as measurements of myocardial dynamics 
were performed during sternotomy. Thus, the increase in 
coronary vascular resistance found by Stephan and col- 
leagues may have resulted from a sympathetic response to 
the surgical stimulus. In our study the decrease in coronary 
vascular resistance cannot be explained by increased meta- 
bolic needs. Myocardial oxygen uptake decreased during 
remifentanil/propofol anaesthesia to a greater extent than 
myocardial blood flow, resulting in a 25% decrease in 
arterial coronary sinus oxygen content difference. Thus, the 
decrease in the coronary vascular resistance seems to be 
induced by vasodilating effects of propofol. Our technique 
for measuring myocardial blood flow cannot be used to 
investigate the regional distribution of myocardial blood 
flow, so we cannot determine if coronary vasodilation 
was limited to epicardial vessels or if it was distributed 
homogeneously. However, none of the investigated patients 
showed a negative myocardial lactate extraction or electro- 
cardiographic signs of myocardial ischaemia throughout the 
period of investigation. 

In conclusion, the haemodynamic effects of high-dose 
remifentanil are similar to those of remifentanil/propofol 
anaesthesia. Neither of these anaesthetic techniques impairs 
the balance of MVo, or oxygen supply in patients before 
CABG surgery. 
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This paper reports the outcome after carbon monoxide poisoning in 31 consecutive patients 
treated with mechanical ventilation and hyperbaric oxygen therapy, compared with another 
study of mechanically ventilated patients treated with normobaric oxygen. We found 16.1% 
hospital mortality and 3.8% severe short-term memory loss, compared with 30% hospital 
mortallty and 20% incidence of serious neurological deficit after treatment with normobaric 
oxygen; outcome was poor in 19.4% and 44.3% of those treated with hyperbaric and normobaric 
oxygen, respectively (P<0.05). Cerebral oedema caused three of five deaths despite hyperbaric 
therapy, occurring at 24—48 h after polsoning. Intracranial pressure monttoring and CT scan 
of the head before wakening should be considered in any severely poisoned patient. 
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Carbon monoxide poisoning is an important cause of 
morbidity and mortality. There is no reliable marker of 
severity of poisoning, with climcians relying on features 
such as level of consciousness and cardiac abnormalities. 
Carbon monoxide combines with haemoglobin to form 
carboxyhaemoglobin (Hb-CO), normal concentrations of 
which are approximately 2% in non-smokers and 3-8% in 
smokers. Acute Hb-CO measurements can confirm expo- 
sure, but Hb-CO concentrations do not correlate with 
severity of poisoning. Hyperbaric oxygen therapy is gener- 
ally regarded as the treatment of choice for moderate to 
severe carbon monoxide poisoning! but on the UK mainland 
there are currently only seven hyperbaric units with facilities 
to treat critically ill patients. The North-West Emergency 
Recompression Unit (NWERU) is such a unit in the 
Mersey region. 

In 1988, Krantz and colleagues” reviewed the outcome 
of 79 patients with severe carbon monoxide poisoning 
requiring mechanical ventilation, who did not receive hyper- 
baric oxygen therapy. Hospital mortality was 30%, and 
20% of survivors were discharged with significant brain 
damage, often into long-term care after prolonged hospital- 
ization. We report a retrospective study of the current 
outcome from hyperbaric oxygen therapy, that is, therapy 
with 100% oxygen at 2.8 atmospheres absolute pressure 
for 1-1.5 h, for severely poisoned patients receiving 
intensive care. 


Methods 


We reviewed the case records of 31 consecutive patients 
requiring mechanical ventilation for severe carbon monox- 
ide poisoning treated at NWERU between November 1995 
and January 1999. Information on patients’ clinical state at 
the time of discharge was obtained from hospitals and, 
where possible, more long-term information was obtained 
from general practitioners (GPs). 

Results were analysed with a chi-squared test for binomial 
(good/poor) outcomes. The Mann-Whitney U-test was used 
to compare Hb-CO and standard bicarbonate concentrations 
between those with a good or poor outcome. 


Results 


Seventeen (54.8%) of the 31 patients were poisoned with 
car exhaust fumes, one unintentionally. Ten patients (32.3%) 
were involved in house fires and four (12.9%) were poisoned 
by faulty heating installations. Before hyperbaric oxygen 
therapy, all patients had been treated with 100% oxygen 
and were subsequently admitted to an intensive care unit 
in the Mersey area. Seven patients received only one 
treatment with hyperbaric oxygen; three of these died before 
further therapy could be given, while the other four appeared 
to recover well despite missing further therapy. 

Five (16.1%) of the patients died in hospital; three of 
these had poisoned themselves and two had been involved 
in house fires (neither had severe burns). One patient died 
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Hyperbaric oxygen therapy for CO poisioning 


Table 1. Summary of patient characteristics and outcome The results for 
Hb-CO and standard bicarbonate are shown as range (median) The proportion 
of patients with poor outcome im the two groups was significantly different 
(P<0 05) 








Normobaric Hyperbaric 
treatment treatment 
No of patients 79 31 
Age (yr), range (median) 5-91 (49) 21-78 (41) 
Gender, number (%) 

Male 33 (42%) 20 (64 5%) 
Female 46 (58%) 11 (35 4%) 
Hb-CO % ‘normal’—63 (32) 12 6-52.1 (40) 

Standard HCO, (mmol litre!) 
Good outcome 9 4-25.8 (20.7) 10 4-23 (19) 
Poor outcome 6 8-25 2 (177) 6 2-16 4 (11 7) 
Poor outcome 35/79 (44 3%) 6/31 (19 4%) 





from multi-system organ failure, two had severe cerebral 
oedema and one had cerebral oedema and extensive bowel 
infarction. The exact cause of death could not be determined 
for the fifth patient. Another patient suffered severe short- 
term memory loss requiring rehabilitation therapy so that, 
in all, sıx patients were considered to have a poor outcome. 
Of the five who died, three had received prolonged life- 
support measures following cardiorespiratory arrest before 
treatment with hyperbaric oxygen. The only biochemical 
difference that was detected between patients with a good 
outcome and those with a poor outcome was a lower 
standard bicarbonate concentration (P<0.005) in the latter 
(Table 1). 

Patient characteristics were broadly similar to those 
reported by Krantz and colleagues* and there was no 
difference in standard bicarbonate concentrations (Table 1). 
There were fewer cases with poor outcome in our survey 
(P<0.05), but the difference in hospital mortality between 
the two groups was not significant (P=0.02). 

GPs provided further information about 10 patients. Four 
patients had some neurological symptoms (gait disturbance, 
short-term memory loss and fatigue) after their poisoning; 
all of these patients recovered spontaneously within a few 
weeks. One patient continued to complain of fatigue, 
headache and short-term memory problems up to a year 
later, though these symptoms had been present before the 
poisoning. 


Discussion 

Controversy persists over the most appropriate treatment 
for carbon monoxide poisoning.* Many patients with mild 
poisoning make a full recovery whatever the treatment, but 
approximately 1000 patients die each year in the UK as a 
result of carbon monoxide poisoning. Even after initial 
recovery, there is a risk of delayed neurological sequelae. 
Current criteria for the treatment of carbon monoxide 
poisoning with hyperbaric oxygen® are as follows: carboxy- 
haemoglobin >20%; loss of consciousness at any stage; 
neurological signs or symptoms other than headache; 


myocardial ischaemia or arrhythmia diagnosed by ECG; 
pregnancy. 

All patients in this report required tracheal intubation 
before transfer for therapy with hyperbaric oxygen; in three 
cases the incident had been severe enough to cause the 
death of other casualties at the scene. 

Our study supports the findings of Krantz and colleagues,” 
in that the level of Hb-CO was of no prognostic value, 
though metabolic acidosis on arrival to hospital was greater 
in those who did badly. Overall, the severity of metabolic 
acidosis was comparable between the two studies, but 
outcome was significantly better in patients treated with 
hyperbaric oxygen Many of the patients in the report by 
Krantz and colleagues subsequently needed institutional 
care owing to the severity of their neurological deficit. 
This did not happen for any of the patients treated with 
hyperbaric oxygen. 

The difference in hospital mortality between the two 
groups was not significant, maybe because of differences 
in the size of groups. If the hyperbaric group size had 
been twice as large, a 16.1% mortality would have been 
significantly less (at the 5% level). Even with hyperbaric 
therapy, some patients developed delayed neurological 
sequelae. Four of the survivors who could be traced com- 
plained to their GP with minor neurological sequelae, 
namely headache, fatigue, gait disturbance or mild short- 
term memory loss. 

The two studies were conducted at different times, so 
intensive care treatment was probably not similar. Krantz 
and colleagues reported a high incidence of hypotension 
from the treatment used to prevent cerebral oedema, and 
moderate hypothermia was used for cerebral protection. 
The patients treated hyperbarically received cardiovascular 
support, and were warmed to achieve and maintain normal 
temperature. A more recent study, on animals, reported that 
hypothermia was associated with a worse outcome in carbon 
monoxide poisoning.’ Krantz and colleagues did not report 
the exact duration of treatment with 100% oxygen, saying 
only that it was at least 1 h. Current guidelines would 
recommend 6 h.® 

The results of this study have led to a change in our 
practice. Severe cerebral oedema (responsible for three of 
the five deaths in this study) was an unpredictable problem 
at 24-48 h, so we now consider monitoring intracranial 
pressure and/or a doing a CT scan of the head before 
wakening. 

The risks associated with hyperbaric oxygen therapy are 
well documented.® It is common practice to inflate the 
tracheal tube cuff with saline to avoid compression and 
expansion of an air-filled cuff with changes in ambient 
pressure. In one patient, the cuff was overinflated at the 
referring hospital, resulting in a tracheal mucosal tear; this 
healed without intervention, but prolonged the patient’s 
ICU stay. 

To obtain maximal benefit, hyperbaric oxygen should be 
administered within 6 h of a patient’s removal from carbon 
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monoxide.!° Although patients were transported over long 
distances, most (25/31) received treatment within 6 h 
(maximum interval 8 h 12 min). There was no evidence 
that the long journeys caused complications. 

In conclusion, hyperbaric oxygen treatment of severely 
poisoned patients appeared to reduce the risk of serious 
neurological deficit and the need for prolonged care. 
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We investigated the influence of mild hypothermic cardiopulmonary bypass (CPB) on the dose 
requirements of cisatracurium or rocuronium used as a continuous infuston. We studied eight 
patients given cisatracurium and nine given rocuronium. They were ASA class Ill and IV and 
scheduled for elective coronary artery bypass grafting. Neuromuscular transmission was 
monitored electromyographically. After recovery of TI/TO to 10%, a clsatracurium infusion or 
a rocuronium infusion was started at a rate of 1.5 or 10 ug kg! min™!, respectively, and 
adjusted to maintain T1/TO at 15%. Infusion rate and duration were recorded before, during 
and after CPB in each patient and the mean infusion rates were calculated. One-way ANOVA 
showed a statistically significant difference between the cisatracurium infusion rates before, 
during and after CPB: A TI/TO of 15% could be achieved with a mean infusion rate of I.I, 
0.75 and 0.98 ug kg”! min"! before, during and after CPB, respectively. There was no significant 
difference between the rocuronlum infusion rates before, during and after CPB. The mean 
rocuronium Infusion rate required to maintain TI/TO at 15% throughout the procedure was 
4.1 ug kg! min@!. Cisatracurium infusion rates should be halved during CPB. Even after CPB, 
requirements are reduced. The same tendency occurs with rocuranium, but the changes in 


infuslon rate were not statistically significant, 
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Neuromuscular blocking drugs are commonly used during 
coronary artery bypass grafting (CABG). Their advantages 
are that they aid mechanical ventilation, decrease anaesthetic 
requirements, prevent patient movement and decrease 
oxygen consumption. Cisatracurium and rocuromum gener- 
ally lack cardiovascular side-effects during high-dose opioid 
anaesthesia! and thus have advantages for use during 
CABG procedures. These advantages may not, however, be 
observed in different clinical conditions.? During CABG 
and, mere particularly, during cardiopulmonary bypass 
(CPB), cisatracurium and rocuronium requirements have 
not been studied in detail. 

Drug elimination may be reduced by relative hypo- 
perfusion of the liver and kidney or by hypothermia during 
CPB.‘ This is true for atracurium’ and for rocuronium.® 
Moreover, as the clearance of cisatracurium, one of the 
stereoisomers of atracurium, is highly dependent on 
Hofmann degradation,’ temperature and pH changes associ- 
ated with CPB are likely to affect its pharmacokinetics 
more than those of other neuromuscular blocking drugs. As 


data for the newer neuromuscular blocking drugs are scarce, 
cisatracurium and rocuronium infusion rates dunng and 
after CPB are adjusted empirically. 

A more rational dosage regimen may reduce waste and, 
consequently, the cost of using these expensive new drugs. 
Moreover, a more predictable recovery may be important 
in fast tracking and minimally invasive cardiac procedures, 
as it may allow early extubation. Avoiding an excessively 
prolonged neuromuscular block may also decrease the 
incidence of awareness during the first hours on the intensive 
care unit (ICU). 


Methods 


After Institutional Review Board approval and written 
informed consent, we studied eight patients given cisatracur- 
ium followed by nine given rocuronium during CABG with 
mild hypothermic CPB (33°C). All patients were ASA class 
Il and IV. Exclusion criteria were: left ventricular ejection 
fraction <50%; evidence of renal, hepatic, metabolic or 
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neuromuscular disorders; and history of medication interfer- 
ing with neuromuscular transmission. 

All patients were premedicated with lorazepam 2.5 mg 
1 h before induction. After 3 min of preoxygenation, 
anaesthesia was induced with diazepam 0.15 mg kg! and 
sufentanil 5 ug kg"! 1.v. As soon as the eyelid reflex was 
absent, assisted ventilation by facemask was started with 
oxygen 100%. After equipotent bolus doses of cisatracurium 
0.1 mg kg or rocuronium 0.6 mg kg! intubation was 
performed as soon as the first response to the train-of- 
four (TOF) stimulus (T1) fell below 10%. Normocapnic 
ventilation was established with a Servo 900C (Siemens 
Elema; Stockholm, Sweden). Anaesthesia was maintained 
with oxygen 50% in air, propofol 1-3 mg kg? h! and 
supplemental boluses of diazepam or sufentanil. No potent 
inhalation anaesthetics were used. Routine monitoring 
included ECG, pulse oximetry, invasive arterial pressure 
(left radial artery) and central venous pressure (right jugular 
vein). Temperature was monitored at the following sites: 
oesophagus, rectum, skin of the forehead and the area of 
skin on the right arm where neuromuscular transmission 
monitoring electrodes had been applied. 

The bypass circuit was of standard construction. Blood 
temperature was measured at the venous site of the bypass 
circuit and kept constant at 33°C during hypothermia. 
Rewarming to 37°C was started as soon as the surgeon 
had completed the last distal anastomosis. Alpha-stat pH 
management was used. 

Neuromuscular transmission was monitored on the right 
arm by the EMG response of the adductor pollicis muscle 
to TOF stimulation of the ulnar nerve, using surface 
electrodes (M-NMT module; Datex-Ohmeda, Helsinki, 
Finland). The right arm was wrapped in a protective towel. 
The TOF response to a supramaximal stimulus was obtained 
before the initial bolus of neuromuscular blocking drug. 
The stimulus current range during supramaximal stimulation 
was 10-70 mA. The TOF was measured at 1 min intervals, 
using a square wave, constant current stimulus pulse with 
a width of 200 ps. 

After recovery of T1/TO to 10%, patients were given 
either cisatracurium or rocuronium, at an infusion rate of 
1.5 and 10 ug kg! min“, respectively. These dosages were 
based on data obtained during major non-cardiac surgery. 9 
The infusion rate was adjusted to maintain T1/TO at 15%. 
The concentration of the solutions used for infusion was 
0.2 and 1 mg ml! for cisatracurium and rocuronium, 
respectively, so that even small changes in infusion rate led 
to significant changes of volume delivered and, thus, to a 
quick alteration in effect. The infusion was discontinued 
just before the completion of surgery. Bolus doses of 
cisatracurium 0.03 mg kg’ or rocuronium 0.15 mg kg”! 
were given if gross movement occurred. Spontaneous 
recovery from neuromuscular blockade was allowed on the 
ICU. The results of monitoring neuromuscular transmission 
and all other vital parameters were displayed on a Datex 
AS/3 monitor and stored in a spreadsheet on a PC (Compaq). 


Table 1. Patient characterstics in cisatracunum and rocuronrum groups 





Cisatracurfam Rocuroniom 

group (n=8) group (n= 9) 
Age, yr (mean (range)) 71 (62-80) 70 (62-77) 
Gender, male/female 4/4 12 
Weight, kg (mean (sp)) 76 (19) 73 (15) 
Height, cm (mean (SD)) 162 (11) 166 (10) 





Table 2. Mean (sp) cisatracurium and rocuronium infusion rates during 
coronary artery typass graftng (one-way ANOVA; significance at P<0 05) 


Infusion rate, pg kg min“! 
Before bypass During bypass After bypass P 


0 98 (0.17) 001 
4.24 {1 45) 05 


0.75 (0 24) 
3 57 (1 54) 


Cisatracurium. 
Rocuromum 


1.10 (0 24) 
4 42 (1 83) 


Infusion rate and infusion duration were recorded before, 
during and after CPB for each patient. The mean infusion 
rates in both groups were derived before, during and after 
bypass. Statistical analysis included one-way analysis of 
variance (ANOVA). Significance was set at a level of 
P<0.05. A one-sample t-test was performed to assess if 
the derived mean (actual T1/T0%) was significantly different 
from the theoretical mean (T1/TO=15%). Results are pre- 
sented as mean (SD). 


Results 


Anaesthesia was uneventful in all patients. No patient 
moved and no diaphragmatic contractions were observed. 
There was no need for any escape bolus dose of neuromuscu- 
lar blocking drug. Patients did not sweat and their eyes did 
not water. They did not recall the operation. One patient in 
the cisatracurium group suffered from opioid-induced rigid- 
ity during induction. Although assisted ventilation was 
initially difficult, oxygenation was well maintained and 
induction was otherwise uneventful. 

Table 1 shows the physical characteristics of the patients 
in the cisatracurium and rocuronium groups. The mean (sp) 
time between starting the initial infusion of cisatracurium 
at a rate of 1.5 ug kg"! min” and the first adjustment to a 
lower dose was 34.5 (19.1) min. In the cisatracurium group, 
mean (sb) T1/TO during the procedure was 14.6 (9.9)%. 
This actual mean was not significantly different from the 
preset value (T1/TO=15%) (P=0.7). Table 2 shows the 
one-way ANOVA of cisatracurium infusion rates during 
CABG. The means differ significantly (P=0.01), with the 
highest rate before and the lowest during CPB. 

The mean (SD) time between starting the rocuronium 
infusion at the initial infusion rate (10 ug kg! min`!) and 
the first adjustment to a lower dose was 20.2 (13.3) min. 
In the rocuronium group, the mean (sp) T1/TO during the 
procedure- was 14.2 (7.1) %; this was not significantly 
different from the preset value (T1/TO=15%) (P=0.2). 
Table 2 shows the one-way ANOVA of rocuronium infusion 
rates during CABG. There was no statistically significant 
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difference between these means (P=0.5). The mean (sp) 
infusion rate of rocuronium required to keep T1/TO at 15% 


throughout surgery was 4.1 (1.6) pg kg! min. 


Discussion 

During hypothermic CPB, complex changes in drug phar- 
macokinetics occur, prolonging the duration of action of 
many non-depolarizing neuromuscular blocking drugs.* The 
serum concentration of neuromuscular blocking drugs may 
decrease when bypass is started, as a result of haemodilu- 
tion,!°" or it may increase secondary to decreased clearance 
and altered drug distribution.!? ° 

The impairment of the metabolic function of the kidney, 
as a result of hypoperfusion during CPB is expected to 
decrease renal elimination.'* Moreover, decreased hepatic 
blood flow, decreased concentration of binding proteins and 
decreased intrinsic activity of the liver are assumed to 
diminish hepatic clearance during bypass.’ These phen- 
omena may result in a steady increase in the serum 
concentration of neuromuscular blocking drugs during hypo- 
thermic CPB.'* Hypothermia itself can alter the pharmaco- 
kinetics of drugs during CPB: it influences the enzymatic 
processes involved in drug metabolism in the liver and 
kidneys.* 

Finally, since neuromuscular blocking drugs may redis- 
tribute significantly to the lungs, they can accumulate there 
before bypass begins. These drugs can thus become trapped 
in the lungs during CPB, as circulation to the lungs during 
that period is restricted to the bronchial vessels. When 
pulmonary artery blood flow is restored during weaning 
from CPB, the serum concentration of these drugs may 
suddenly increase.‘ 14 

Rosen and Rosen* concluded that pharmacokinetics dur- 
ing CPB depend mainly on the composition of the 
oxygenator, the physical properties of the drug, the use of 
pulsatile or non-pulsatile flow and hypothermia. Drugs 
with a smaller distribution volume are more affected. The 
oxygenator binds lipophilic drugs more avidly than those 
that are hydrophilic. Neuromuscular blocking drugs gener- 
ally have a rather small distribution volume: cisatracurium 
has a slightly greater volume of distribution than atracur- 
ium,'5 while rocuronium has a smaller one than vecu- 
ronium.!6 

In clinical practice, serum concentrations of neuromuscu- 
lar blocking drugs are not available. The degree of muscle 
relaxation can only be assessed by monitoring neuromuscu- 
lar transmission. However, neuromuscular monitoring dur- 
ing hypothermia is complicated by the fact that cooling 
affects nerve conduction, neuromuscular transmission and 
muscular actıvıty.!” The evoked response obtained in a 
peripheral muscle during CPB may be influenced by peri- 
pheral and core temperature gradients and alterations in 
skeletal muscle blood flow. Nevertheless, in the presence 
of hypothermia, pH disturbances and the side-effects of 
vasoactive drugs, neuromuscular monitoring is superior to 
simple clinical judgment.!8 


It has been shown that, for various neuromuscular 
blocking drugs, the duration of action is prolonged by 
CPB.!°-!4 19 The half-life of cisatracurium is presumably 
prolonged during hypothermic CPB, as its breakdown is 
even more dependent on temperature and pH than that of 
atracurium, for which a reduced dose requirement has been 
observed during CPB.° The remainder of the drug, about 
15%, is cleared by the kidneys.!5 The pharmacokinetics of 
rocuronium resemble those of vecuronium, except that 
the former has a smaller volume of distribution.'© The 
termination of the effect of rocuronium is similar to vecuron- 
ium and mainly dependent on redistribution, by hepatic 
uptake, followed by biliary elimination. A smaller propor- 
tion, <20%, is excreted renally.”” Smeulers and colleagues® 
found that hypothermic CPB prolonged the duration of 
action of maintenance doses of rocuronium. 

In a preliminary study,*! we concluded that a cisatracur- 
ium infusion, administered at half the initial rate (0.75 ug 
kg! min`!) during hypothermic CPB, resulted in clinically 
acceptable conditions. Discontinuation of the cisatracurium 
infusion at the start of CPB, on the contrary, led to an 
unacceptably high incidence of movement, suggesting that 
it is preferable to use a continuous infusion of neuromuscular 
blocking agent during CABG and CPB. In the current study, 
we confirmed our previous findings that a cisatracunum 
infusion rate of 0.75 pg kg! min?! was appropriate during 
CPB. Moreover, we found that a T1/TO of 15% could be 
achieved before CPB with a dose of <1.5 pg kg?! min’. 
Even after the bypass, cisatracurium infusion rates were 
lower than those before bypass, probably because of a 
further fall in body temperature, a tendency described in 
previous reports for other neuromuscular blocking drugs. 
Less rocuronium was required during and, to a lesser extent, 
after CPB compared with before CPB, but the differences 
in infusion rates were not statistically significant. In the 
rocuronium group, we also observed a temperature after- 
drop in the period after the bypass. 

We have searched for a practical and adequate infusion 
regimen for the two latest commercially available neuromus- 
cular blocking drugs, cisatracurium and rocuronium, during 
cardiac surgery with mild hypothermic CPB. For cisatracur- 
ium, we found that a significant reduction to half of the 
initial infusion rate during CPB was appropriate in clinical 
practice. As with atracurium, the cause is probably related 
to the temperature-dependent inactivation of cisatracurium. 
For rocuronium, a lower infusion rate was used in our study 
than in previous reports.? Further reduction dunng CPB 
was not necessary. The degree of cooling during CPB may 
explain the discrepancy between our results and those of 
other investigators: while Smeulers and colleagues® cooled 
patients to 25—28°C, we used only mild hypothermia (33°C). 
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The implementation of a structured programme for the 
specialist registrar unified training grade originally cited 
the logbook as an integral part of the assessment of progress 
within each specialist module.! Although the Royal College 
of Anaesthetists requires its trainees to keep a logbook 
(either written in a book or stored electronically),?~* many 
trainees are unable to produce an intelligible record of their 
activities at Regional In-Training Assessments (RITAs). 
Keeping an accurate, updated, individual electronic logbook 
requires access to a computer and the skills to use it, as 
well as personal organization and enthusiasm. If complete 
it can give a good record of individual experience and 
training but on its own it does not give an accurate overview 
of the training offered to all the trainees by a department. 
On the other hand, day-to-day list allocations and session 
rotas can provide some overall picture of the department’s 
activity. Planned in advance, and therefore subject to 
alteration, they have been used to document training levels. 

Theoretically, the use of a central computerized data- 
entry system based in the operating theatre would enable 
the trainee to extract the information required to demonstrate 
his own experience and training as well as revealing to 
tutors the local activity of an entire department. Strengths 
and weaknesses of a hospital programme could thus be 
identified, enabling compensatory adjustments to be made 
to training schedules. 

Apart from the recommended duration of senior house 


officer (SHO) and specialist registrar (SpR) training 
schemes,”* we do not know what degree of supervision 
and experience is optimal in different sub-specialty areas. 
Indeed at some stages a greater degree of independence 
may be desirable. In the absence of clearly defined standards 
it is difficult for trainees and trainers alike to judge the 
adequacy of training. It is for this reason that we undertook 
a study to define the traditional norm in our teaching hospital. 


Methods 


Definitions 

All cases performed over a 2 yr period in operating theatres 
by consultants, SpRs and SHOs were included. Operations 
were classified by surgical specialty. Urgency was defined 
using the modified Confidential Enquiry into Perioperative 
Death (CEPOD) terms of scheduled, urgent (for cases 
requiring surgery within 24 h) and emergency (cases requir- 
ing surgery within 1 h).° Supervision of a trainee was 
defined as the presence of a more senior anaesthetist in the 
same operating theatre and was further subdivided into SpR 
or consultant supervisor.® 


Data collection 


All theatre-based information had been entered into a 
commercially available computerized data collection system 
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(Swiftop EDS Healthcare, Bristol, UK) at the time of 
operation. The system had been installed for routine use, 
by the Trust, in November 1993 allowing direct entry of 
data into a networked computer terminal located in the 
comer of each operating theatre. A designated nurse in 
each theatre was responsible for identifying all members of 
staff involved in the care of each patient. The anaesthetist 
and surgeon verified patient details, and times of arrival, 
transfer and discharge were recorded. The system has 
remained in routine use since its installation. 


Data analysis 


Information was downloaded from the theatre database as 
a series of spreadsheet files which were then imported into 
a copy of the FileMaker Pro Anaesthetic Logbook.’ è The 
search facility was used to identify different grades of 
anaesthetist and a series of standardized reports was gener- 
ated to allow comparisons to be made. 


Verification of data 


Although it was possible to inspect the theatre database for 
gross errors, no other ‘gold standard’ existed to validate 
the data within it. A sample of five individual trainees’ 
personal logbooks was therefore examined for the 2 yr 
study period, and the case numbers and consultant supervi- 
sion rates were compared with those derived from the in- 
theatre data collection system. 


Comparisons of data 


We compared supervision of trainees over the final 5 months 
of the study period by counting sessions retrospectively on 
the departmental planning rotas. This method relied upon 
a manual count of solo and accompanied theatre lists, as 
opposed to a count of individual cases. These rotas were 
planned by a designated consultant anaesthetist and printed 
the week before their start. 


Results 


Of the 31 trainees in the department, six were second-year 
SHOs and 25 were SpRs. They were considered supervised 
if they were in theatre with a consultant, or if they were 
SHOs working with an SpR. Thus the cases were divided 
between consultants, who may be supervising or solo, and 
trainees who may be working alone or supervised. The 
various combinations of anaesthetic personnel in theatre 
are shown in the Venn diagram (Fig. 1). 


Theatre system data 


A total of 34 856 cases was recorded on the theatre 
(Swiftop) system in the 2 yr study period. These were 
elective and emergency cases occurring by day and night, 
in the week and at weekends in theatre suites around the 
hospital, including the labour ward theatre (but not the 
labour rooms). All surgical specialties are covered in our 
hospital except plastic surgery, burns and neurosurgery, 





Solo SpR 
(13557) 






(579) 


Cons+SHO E Cons+SpR 


Fig 1 Venn diagram to show the possible combinations of anaesthetic 
personnel working alone or together (numbers of cases in parentheses) 


which are referred to another hospital in the city. Cases 
were broken down by specialty to show the departmental 
caseload (Fig. 2); the largest specialty covered by the 
department in terms of caseload was paediatrics. 

The pattern of activity varied between the training grades 
(Fig. 3). Levels of supervision varied between specialties 
but overall supervision for the SHO and SpR grades was 
35 and 32%, respectively. SHO and SpR caseload was 
broken down by specialty to show supervision levels (Tables 
1 and 2). 

Consultants were accompanied by a trainee for 45% of 
their cases, leaving 55% unused for teaching (Fig. 4). 


Validation and comparison 


The personal electronic logbooks of five trainees were 
compared with data from the in-theatre data collection 
system. Over the 2 yr period, 2284 cases were recorded by 
personal logbooks and 2231 for the same five anaesthetists 
by the in-theatre system. Therefore, 53 cases did not appear 
on the theatre system. Collectively, the trainee logbooks 
recorded an average consultant supervision rate of 29%, 
while the in-theatre system recorded 26% consultant super- 
vision. Departmental rota statistics were also compared with 
the theatre data collected (Table 3). 


Discussion 
About a quarter of the SHOs’ cases were orthopaedic, a 
quarter gynaecological, a fifth general surgery, and about a 
third in other specialties. In contrast, SpRs were involved 
in a range of different specialty areas; in our teaching 
hospital 30% of their caseload was paediatrics (Fig. 3). 
The levels of supervision varied in different specialty 
areas and for the different grades of trainee anaesthetist. 
The supervision level for SHOs ranged from 100% in their 
few cardiothoracic cases to 67% for their paediatric work 
and 14% for orthopaedics. Some of their supervision and 
training came from senior trainees (SpRs) but most was 
from consultants (Table 1). The SpRs themselves were 
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No. of cases 


Fig 2 Departmental caseload by specialty for a 2 yr penod (from Swiftop). 


supervised for only 4% of orthopaedic cases, but for 48% 
of paediatric cases and 86% of cardiothoracic cases (Table 
2). All their supervision came from consultants. 

The caseload of the consultants can also be calculated 
from the in-theatre system (Fig. 4). Over 60% of the 
cases done by consultants in cardiothoracic, obstetric and 
paediatric surgery were used for teaching. In the cardiothor- 
acic theatres, trainees were usually supervised (SHO, 100%; 
SpR, 86%) but consultants were doing 37% of their cases 
alone, showing that about one-third of the training potential 
was unused. In orthopaedics the trainees were supervised 
much less often (SHO, 14%; SpR, 4%) while consultants 
were doing 76% of the cases alone. There was thus a 
vast reservoir of teaching potential available even before 
considering what the SpRs could teach the SHOs. In 
obstetrics the picture is different: 32% of SHO cases and 
11% of SpR cases were supervised while consultants did 
only 27% of cases alone. There was, therefore, much less 
room for additional teaching in obstetric anaesthesia in 
our department. We have subsequently appointed another 
consultant with a special interest in obstetric anaesthesia. 

The difference between being taught, learning and being 
supervised can be great but it cannot be discerned from 
attendance data. Indeed for trainees of different experience 
and in different specialties of anaesthesia, different forms of 
learning are probably appropriate. The level of supervision 
provided by a senior anaesthetist varies depending on 
whether they are in theatre, in the theatre suite, in the 
hospital or available for advice by telephone. All trainees 
remain nominally under the supervision of a designated 
consultant at all times but are to a greater or lesser extent 
allowed a degree of independence to develop their self- 
confidence and an ability to manage their own lists. At 
different stages of training, direct or indirect supervision 
may be more appropriate. Our study looked only at 
anaesthetists present in theatre. 





The in-theatre data collection system has provided 
information about numbers of cases performed. Our study 
does not take account of the vast variation in duration of 
cases, and therefore the time spent in theatre. Neither does 
it reflect the quality of supervision or experience. The rota 
list counting method of measurement of supervision gives 
a better guide to time spent in theatre since whole lists are 
counted rather than individual cases. However, it suffers 
more than other methods from last-minute changes and 
staff substitutions that escape detection. Whether adequacy 
of training can be measured by hours spent with a senior 
anaesthetist or exposure to a certain number of clinical 
cases is, of course, another question. 

The consultant caseload information provided by the 
theatre system allows the department to assess its teaching 
resource and shows clearly where there is room for more 
training and which areas are already saturated with trainees. 
It may be appropriate that a teaching hospital should offer 
more supervised cases in specialized areas of anaesthesia 
and less in those areas that are well covered in the other 
hospitals of a rotation. Data produced by a single hospital 
must always be examined with the bigger picture in mind. 
It is, however, useful in tuning an individual hospital’s 
training plan to make the most of opportunities it can offer. 

A degree of computer literacy is needed to operate both 
the computerized theatre system and individual electronic 
logbooks effectively, although this is small for the end user. 
The theatre nurses are trained to use the theatre system and 
must enter patient and case details as the list progresses. It 
is part of their routine practice and is rarely forgotten. The 
fact that they have no vested interest in the anaesthetic 
details that they enter may be of benefit to us since it is more 
likely to be accurate. They record only those anaesthetists in 
the room at the time of the procedure. The more distant 
supervision of trainees will, therefore, not be recorded. 

The logbook system of recording caseload is only reliable 
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if an individual completes it diligently. However, since it 
is the individual who benefits from accurate data entry, it 
may be a useful tool for the trainee. The individual logbooks 
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Fig 3 Pie diagrams showing pattern of caseload by specialty for 
anaesthetists in traning 


kept by diligent anaesthetists are their best check on their 
own theatre caseload, experience and training since they 
show a personal perspective. They make the provision of 
data for RITAs easier and are an ideal way for a trainee 
and tutor to monitor progress. However, the use of a 
logbook as an audit tool focuses on activity in terms of 
numbers of theatre cases attended, which is easy to define. 
Difficulties arise when we try to apply this case-based 
approach to monitoring experience in the intensive care 
unit or for attachment to the acute pain team where 
interventions may be transient and experienced only as a 
passive observer. Attempts have been made to design 
logbooks which record activity in these specialist areas of 
anaesthetic training (see http://members.aol.com/Synaptec 1/ 
download.html), but formal agreement has not yet been 
reached on a common set of terms or nomenclature that 
adequately defines and quantifies this experience so that 
valid comparisons may be drawn. 

The difference between information downloaded from an 
in-theatre or logbook system and that counted from the 
departmental rotas is not surprising since these two systems 
do not record the same thing. Using departmental rotas to 
assess training activity or potential in a department is 
traditional but misleading. The original version, carefully 
planned to include variety and depth of anaesthetic experi- 
ence, is frequently overtaken by events with trainees or 
trainers moving around to cover lists left vacant by unfore- 
seen circumstances. Manual counting of lists from printed 
rotas is a time-consuming, and inaccurate, way of determin- 
ing actual supervision levels of trainees. Notwithstanding 
the tendency to over-record supervised lists, it does count 
sessions rather than cases and is therefore more likely to 
reflect teaching time than a method that counts cases. This 
does emphasize the need to make clear what is being 
measured when trainees or departments refer to supervision 
level. Measurement of our trainees’ supervision by in- 
theatre log (Swiftop) and rota methods produced very 
different answers, ranging from 35% of SHO cases super- 
vised according to the theatre data to 86% SHO lists 
supervised from rota data. For SpRs the equivalents were 
32 and 62% (Table 3). Guidelines published by the Royal 
College of Anaesthetists in June 1999 recommend that a 


Table 1. SHO supervision shown as a percentage of cases by specialty. Data include day and night work, both elective and emergency 





Specialty Consultant Senior trainee 
Cardiothoracic 27 1 
ENT 130 32 
General 360 180 
Gynaecological 226 47 
Obstetric 58 111 
Eye 292 69 
Oral 54 14 
Paediatrics 48 43 
Orthopaedic 119 65 
Urology 137 li 
Miscellaneous 1 6 
Total 1452 579 





Sole Total Supervision (%) 
0 28 100 
89 251 64 
610 1150 47 
1152 1425 19 
365 534 32 
266 627 58 
62 130 52 
45 136 67 
1174 1358 14 
80 228 65 
12 19 37 
3855 5886 35 
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% Consultant cases accompanied by a trainee 


Figure 4 Consultant cases accompanied by a trainee. 


Table 2 SpR supervision shown as a percentage of cases by specialty. Data 
include day and night work, both elective and emergency 





Specialty Consultant Solo Total Supervision (%) 
Cardiothoracic 1280 203 1483 86 
ENT 191 498 689 28 
General 632 2076 2708 23 
Gynaecological 204 2452 2656 8 
Obstetric 112 904 1916 il 
Bye 714 1606 2320 31 
Oral 78 209 287 27 
Paediatrics 2847 3078 5925 48 
Orthopsedic 93 2001 2094 4 
Urology 156 405 561 28 
Miscellaneous 53 125 178 30 
Total 6360 13 557 19917 32 





Table 3. Supervision levels (%) derived by each method of assessment 


In-theatre (cases) Department rota (lists) 
SHO 
Solo 65 14 
Supecvised 35 86 
SpR 
Solo 68 38 
Supervised 32 62 


minimum of 30% of elective and urgent work undertaken 
by trainees during daytime hours is supervised. However, 
the document also states that this recommendation does not 
apply to trainees in their early months of training or while 
in specialist modules.!° Re-examination of our data to look 
only at daytime hours revealed that our SHOs were 43% 
supervised but our SpRs were only 23% supervised. Perhaps 
more importantly though, rigid application of this criterion 
excluded 2583 (44%) of the SHO cases and 12 706 (62%) 
of the SpR cases in our teaching hospital programme. 
What is the correct level of supervision for trainees of 
different grades? Does this include elective and emergency 





work, day and night? Should it be counted from the 
department rota, before or after adjustments, or taken from 
individual logbooks, diligently completed? Or rather, should 
the data be downloaded from an in-theatre system in 
real time? These are just some of the questions that 
the measurement of, and therefore recommendations for, 
supervision of trainees poses. We have not attempted to 
define a standard but have described and quantified in- 
theatre training activity in a UK teaching hospital over a 
2 yr period. 
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the presence of potent inhalation anaesthetics 
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We investigated the effect of potent inhalation anaesthetics on nitric oxide (NO) concentration 
measured by the chemiluminescence method. We found that the NO concentration was 
increasingly underestimated with increasing concentrations of halothane, isoflurane, enflurane 
and sevoflurane (r°=0.918-0.997, P<0.01). Statistical analysis showed that the four inhalation 
agents at the same concentration produced a similar error in the measured NO concentration. 
In the presence of a fixed concentration of sevoflurane (5.0%), Isoflurane (5.2%), enflurane 
(4.5%) or halothane (6.1%), the rate of reduction in the measured NO concentration increased 
in proportion to the NO concentration (r°==0.9090.982, P<0.01). No direct chemical 
interaction between the potent inhalation agents and NO was detected by gas chromatography— 
mass spectrometry. We conclude that NO concentration can be underestimated when 
measured by the chemiluminescence method in the presence of potent inhalation agents. This 
underestimation may result from emission absorption and/or the quenching phenomenon, but 
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is not attributable to a chemical reaction between the inhalation agent and NO. 
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Nitric oxide (NO) is produced by cells within the respiratory 
tract and can be detected in the expired gas.!-? Measurement 
of airway NO production has attracted much attention in 
recent years. 6 The chemiluminescence method is com- 
monly used for the accurate estimation of expired NO. This 
method is based on a gas-phase chemiluminescence reaction 
between NO and ozone that produces nitrogen dioxide, 
which is detected by a thermoelectrically cooled, red- 
sensitive photomultiplier tube. It is a sensitive and reliable 
method, but factors that influence light emission and/or 
detection may result in errors in the NO value. It has 
been reported that oxygen and humidity can affect NO 
measurement by the chemiluminescence method.”™? How- 
ever, whether potent inhalation anaesthetics also affect NO 
measurement has not been investigated Although subtle 
errors in NO measurement caused by oxygen and humidity 
are not of significance during NO inhalation therapy, they 
are likely to cause misinterpretation of exhaled NO concen- 
trations in critically ill patients. As potent inhalation agents 
may undergo emission absorption and the quenching phe- 
nomenon, which interferes with the quantity of the emission, 


we hypothesized that measurement of NO by the chemilu- 
minescence method in the presence of potent inhalation 
agents may result in underestimation of NO concentration. 
This laboratory study was designed to examine the effect 
of potent inhalation anaesthetics on the measurement of 
NO concentration. 


Materials and methods 


The NO concentration was measured by a NO analyser 
(model 280, software version 2.05, Sievers Instruments, 
Boulder, CO, USA). The method of analysis was based on 
chemiluminescence, and had a sensitivity of 1 parts per 
billion (ppb) and a measurement range of 1-500 000 ppb. 
The sampling rate used for analysis was 50 ml mint. The 
original data were recorded, displayed and calculated using 
a MacLab system, consisting of a MacLab hardware unit 
(MacLab/400, AD Instruments, Castle Hill, NSW, Australia) 
and a software application program (Chart, version 3.5, AD 
Instruments). The concentration of the potent inhalation 
agent was measured by an anaesthetic gas monitor 
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(Capnomac, Datex Instrumentarium, Helsinki, Finland). All 
procedures were performed at room temperature (26°C) and 
were repeated three times to verify the reproducibility of 
the results. 


Measurement of NO in gas mixtures containing 
various concentrations of potent inhalation agents 
and a fixed concentration of NO 


This experiment investigated the concentration effect of 
potent inhalation agents on NO measurement. NO gas 
(about 130 ppb) was prepared in a gas sampling bag (Tedlar 
bag, Tedlar, Osaka, Japan) by mixing a standard gas of NO 
670 ppb in nitrogen (N») (Taiyo Sanso, Osaka, Japan) and 
pure N, by a gas mixer (GM-3B, Kofloc, Tokyo, Japan). 
Soda lume (Wako Pure Chemical, Osaka, Japan) was used 
to absorb nitrogen dioxide during NO gas preparation.!° 
Potent inhalation agents at various concentrations were 
prepared using N, as a dilution gas in gas sampling 
bags (Tedlar bag). Sevoflurane, isoflurane, enflurane and 
halothane were tested. 

The anaesthetic-free reference gas and anaesthetic-con- 
taining gas were prepared as follows. Anaesthetic-free 
reference gas (250 ml) was prepared in a gas sampling bag 
by mixing 200 ml of NO 130 ppb and 50 ml of N}. 
Anaesthetic-containing gas (250 ml) mixtures, to which one 
of the four potent inhalation agents was added, were 
prepared by mixing 200 ml of NO 130 ppb and 50 mi 
of the inhalation agent in various concentrations. The 
concentrations of NO and potent inhalation agent in each 
bag were measured simultaneously. 


Measurement of NO in gas mixtures containing 
various concentrations of NO and a fixed 
concentration of potent inhalation agent 


This experiment investigated the concentration effect of 
NO on NO measurement in the presence of a fixed concen- 
tration of a potent inhalation anaesthetic. NO gas mixtures 
at four different concentrations (25-160 ppb) were prepared 
in gas sampling bags (Tedlar bag) by mixing NO 670 ppb 
in N; (Taiyo Sanso, Osaka) and pure N, with a gas mixer 
(GM-3B, Kofloc, Tokyo). Halothane, enflurane, isoflurane 
and sevoflurane were prepared at a fixed concentration 
using N, as a dilution gas in gas sampling bags (Tedlar 
bag). The anaesthetic-containing gases were prepared by 
mixing 50 ml of the anaesthetic agent with 200 ml of NO 
at various concentrations (25-160 ppb). The anaesthetic- 
free reference gas was prepared by mixing 50 ml of N; and 
200 ml of NO gas at various concentrations (25—160 ppb). 
The concentrations of NO and the potent inhalation agent 
in each bag were measured simultaneously. Changes in the 
measured NO concentration in the presence of the potent 
inhalation agent were expressed as the reduction rate using 
the formula: reduction rate = (R ~ MYR, where R represents 
NO concentration in the anaesthetic-free reference gas and 


M the measured NO concentration in the presence of the 
potent inhalation agent. 


Analysis of chemical reaction of NO with potent 
inhalation agents 


NO-free anaesthetic gases were prepared by bubbling 3 ml 
of halothane, enflurane, isoflurane or sevoflurane with N3 
at room temperature and atmospheric pressure for 30 min 
in glass bottles. NO-containing anaesthetic gases were 
prepared by bubbling 3 ml of each anaesthetic solution with 
NO 15 ml min! (3900 ppm in Np, Nihon Sanso, Japan) in 
glass bottles for 4 h. The bottles were covered to prevent the 
effect of light on the chemical reaction and contamination by 
other gases. The NO-free and NO-bubbled anaesthetic 
solutions were sampled from the bottles and analysed by a 
gas chromatograph—mass spectrometer (JMS-DX303, 
JEOL, Tokyo, Japan) to detect the chemical adducts (NO 
adducts) between NO and the inhalation agents. 


Statistical analysis 


The correlation between pairs of variables was examined 
using the Pearson correlation coefficient. Differences in the 
slopes of the regression lines were examined by analysis 
of covariance (ANCOVA) using StatView software (version 
5.0, Universal version, Abacus Concepts, Inc., CA, USA). 
A P value of <0.05 was considered statistically significant 


Results 


Nitric oxide concentration decreased in the presence of 
potent inhalation agents and the reduction was dependent 
on the concentration of the agent. There was a significant 
correlation (r2=0.918~-0.997, P< 0.01) between the concen- 
tration of anaesthetic agent and the measured NO concentra- 
tion (Fig. 1). The slopes of the linear regression were 
~2.14 for halothane, —2.37 for enflurane, —1.89 for isoflurane 
and —2.18 for sevoflurane; there were no significant differ- 
ences among the slope lines (P=0.28). 

In the presence of a potent inhalation anaesthetic at a 
fixed concentration (sevoflurane 5.0%, isoflurane 5.2%, 
enflurane 4.5% or halothane 6.1%), the rate of reduction in 
the measured NO concentration increased in proportion to 
the NO concentration (77=0.909-0.982, P<0.01). The 
slopes were 0.0066 for halothane, 0.0070 for enflurane, 
0.0068 for isoflurane and 0.0066 for sevoflurane; no signi- 
ficant differences in the slope were found among the four 
inhalation agents (P=0.99). 

No new compound could be detected in total ion chroma- 
tograms (TIC) of gas chromatography—mass spectrometry 
in the four NO-bubbled anaesthetic agents compared with 
that of NO-free anaesthetic agents. For example, no peak 
of NO adduct was recorded in NO-bubbled halothane in 
the TIC, as shown in Figure 2 Furthermore, no peak of 
NO adduct could be found when mass chromatography 
was used. 
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Fig 1 Effect of potent inhalation agents on NO measurement. The measured concentration of NO decreases with increases in the concentration of each 
anaesthetic agent (P<0.01). Iso, isoflurane y = —1.89x +102.698, R? = 0.997; Sevo, sevoflurane y = -2.18x + 10275, R? = 0.9954; Hal, halothane 
y = ~2 14x + 97.45, RŽ = 0,918, Enf, enflurane y = ~2.37x + 9791, R? = 0.997; ppb, parts per bilhon. 
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Fig 2 TIC of gas chromatography—mass spectrometry of NO-bubbled halothane. Only one peak, which is identified as halothane, was detected at 1 mm 


39 s of retention tme. No peak of NO adduct was detected. 
Discussion 


We have shown in this experimental study that the NO 
concentration measured by chemiluminescence was under- 
estimated in the presence of potent inhalation agents and 
that this reduction was concentration-dependent. 

There are three types of analysers that provide continuous 
measurement of NO concentration: chemiluminescence ana- 
lysers; analysers with electrochemical cells; and spectropho- 
tometric gas detectors. The chemiluminescence analyser is 
commonly used because of its high sensitivity, rapid 
response time and ease of handling. Our results indicated 


that four potent inhalation agents (halothane, enflurane, 
isoflurane and sevoflurane) could interfere with NO meas- 
urement by the chemiluminescence method, and that the 
measured NO concentration was underestimated in a con- 
centration-dependent manner in the presence of increasing 
concentrations of potent inhalation agent. Furthermore, in 
the presence of a fixed concentration of anaesthetic agent, 
the error of estimation increased in proportion to the NO 
concentration. 

Our results indicate that the mechanism by which the 
potent inhalation agents studied interfere with NO measure- 
ment is the same for each of the four agents, as no difference 
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was found between them with regard to the error in the 
estimated concentration of NO. The NO measurement 
method used in this study is based on a gas-phase chemilu- 
minescence reaction between NO and ozone to form nitro- 
gen dioxide: 


NO + O; => NO,* + O, 
NO,* => NO, + hv 


Emission from electronically excited nitrogen dioxide is in 
the red and near-infrared region of the spectrum, and 
is detected by a thermoelectrically cooled, red-sensitive 
photomultiplier tube. Three mechanisms may affect this 
process. The first mechanism is based on a chemical 
reaction; the actual amount of NO may decrease as a result 
of a reaction before it arrives in the chemiluminescence 
reaction chamber. For instance, oxygen can react with NO, 
causing its concentration to be underestimated. It has been 
reported that chemiluminescence analyser readings can be 
altered significantly by the presence of oxygen in the 
ventilator circuit.’ When the oxygen fraction was increased 
from 0.21 to 1.00, a 4.5 + 0.3% decrease in NO readings 
was detected.® This is not the explanation for our findings, 
as oxygen was not used as the carrier gas in this study. 
Furthermore, no new compound was detected by gas chro- 
matography—mass spectrometry or even by mass chromato- 
graphy, i.e. there was no direct chemical reaction between 
the potent inhalation anaesthetic and NO. 

The second mechanism is the absorption of emissions. 
Because emission from electronically excited nitrogen diox- 
ide is in the red and near-infrared region, any other molecules 
that absorb red and/or near-infrared rays may affect the 
reading. Potent inhalation agents are known to absorb 
emissions, including near-infrared emissions, and this mech- 
anism is likely to explain the underestimation of NO 
concentration in our experiments. However, because at 
fixed concentrations of potent inhalation agents the NO 
concentration can be further underestimated as the NO 
concentration is increased in the target gas, emission absorp- 
tion by the potent inhalation agent may not be the only 
mechanism affecting NO measurement. 


Another possible mechanism is based on the quenching 
phenomenon, whereby energy may transfer from the excited 
nitrogen dioxide to the anaesthetic agent, resulting in a 
decrease in the emission. To our knowledge, there are 
no studies that have reported whether potent inhalation 
anaesthetics quench emission. Further investigation is 
needed. 

In conclusion, NO concentration 1s underestimated by 
the chemiluminescence method in the presence of potent 
inhalation agents. This underestimation may result from 
emission absorption and/or the quenching phenomenon, but 
is not attributable to chemical reaction between the potent 
inhalation agents and NO. 
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To evaluate surfactant and positive end-expiratory pressure (PEEP) as potential theraples for 
the acute lung injury after tracheal instillation of 0.8 m! kg~! human breast milk (HBM) acidified 
to pH 1.8, adult white rabbits were anaesthetized, tracheostomized, ventilated and randomized 
to (six rabbits per treatment): (i) no treatment after HBM (control); (i) exogenous Bovine 
surfactant (100 mg kg™!) | h after HBM; (iii) PEEP-pre (0.5 kPa PEEP) before and after HBM; 
or (iv) PEEP-post (0.5 kPa PEEP) after HBM. A fifth group of six rabblts received no tracheal 
instillate (no aspirate). The alveolar to arterial oxygen tension gradient (A-aDO;) and dynamic 
compliance were measured pre-injury and hourly for 4 h. At post-mortem, the lungs were 
examined histologically. A-aDQz, In all four HBM-injured groups increased to a maximum at 
| h post-injury; A-aD©, then returned towards the baseline in the surfactant and PEEP-post 
groups, but remained increased in the PEEP-pre and control groups. Dynamic compliance 
decreased in all four HBM-injured groups. A~aDO, and compliance were unchanged in the no 
aspirate group. Bronchoalveolar architecture after surfactant therapy was normal. We conclude 
that surfactant is a more effective therapy for HBM-Induced lung injury than either 0.5 kPa 


PEEP-post or PEEP-pre injury. 
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Infants who aspirate human breast milk (HBM) may 
develop an acute lung injury. In previous studies, we 
showed that tracheal instillation of 0.8 ml kg! HBM 
acidified to a pH of 1.8 in rabbits decreased arterial 
oxygen tension and lung compliance, activated and 
recruited neutrophils to the lungs, and produced histo- 
logical evidence of an acute lung injury. The severity 
of this injury, which persisted for at least 4 h without 
waning, is consistent with the American—European Con- 
sensus Conference on acute respiratory distress syndrome 
(ARDS) criteria for ARDS.* In humans, the mortality from 
ARDS from all causes including gastric fluid aspiration 
remains greater than 40%, despite early diagnosis and 
aggressive treatment with ventilation strategies aimed at 
improving gas exchange and pulmonary mechanics.>* How- 
ever, to date, these ventilation strategies have not been 
evaluated in the setting of HBM-induced lung injury. 
Mechanical ventilation, exogenous surfactant and positive 
end-expiratory pressure (PEEP) are three strategies that 
have achieved mixed success in treating patients with acute 


lung injury and ARDS. Mechanical ventilation is frequently 
required to treat poor gas exchange and lung mechanics as 
well as a failing cardiopulmonary interaction in patients 
with ARDS. For the most part, this strategy has been very 
effective, although there is a growing body of evidence to 
suggest that agressive ventilation strategies including large 
tidal volumes, high-peak-inspired airway pressures and fast 
respiratory rates may actually exacerbate the lung injury. 
This may result in an iatrogenic injury termed ventilator- 
induced lung injury (VILI).>3 This iatrogenic injury has 
been attributed to wide cyclical swings in intrapulmonary 
shear forces that parallel the swings in airway pressure and 
tidal volume during aggressive ventilation. In addition to 
a mechanical component to this injury, recent evidence 
suggests that overdistention of the small airways and 
aggressive recruitment of lung units triggers a cytokine 
response.!* !5 It seems prudent at this time to avoid 
aggressive ventilation and extreme ventilator settings. 


{This paper was presented in part at the annual meeting of 
Canadian Anaesthetists’ Society, June 1996. 
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Surfactant and PEEP after milk aspiration 


Abnormalities in both the quantity and quality of 
surfactant in acid aspiration and ARDS are well docu- 
mented.!° !7 The aetiology of these abnormalities includes 
direct epithelial damage, surfactant destruction by cytokines 
and/or bacteria, inactivation by oedema fluid, and displace- 
ment or sequestration of surfactant.!®-?! To address these 
abnormalities, exogenous surfactant therapy has been used 
in both animal and human studies of ARDS. In an animal 
model of acid aspiration, exogenous surfactant improved 
both gas exchange and lung recoil.” ? In ARDS studies in 
humans, exogenous surfactant therapy consistently 
improved oxygenation, but did not affect mortality.?+?6 The 
role of surfactant in HBM-induced lung injury, however, 
remains to be established. 

PEEP has also achieved mixed success as a ventilation 
adjunct for patients with acute lung injury. In an animal 
model of acid aspiration, acid damage to the alveolar~ 
capillary membrane increases transmembrane perme- 
ability, enabling protein-rich oedema fluid to leak into the 
alveoli.'8 2 This fluid is thought to contribute to the genesis 
of atelectasis and ventilation/perfusion mismatch. PEEP re- 
expands collapsed airways and facilitates the recruitment 
of lung units, as evidenced by an improvement in oxygena- 
tion.2” However, PEEP has failed to be consistently effective 
as a ventilation strategy in clinical studies of ARDS.” Two 
possible reasons for variable responses are: (i) the use of 
large end-inspiratory lung pressures and volumes; and (ii) 
the timing of the application of PEEP. When PEEP is 
combined with large tidal volumes, the resultant end- 
inspiratory pressures and volumes may actually worsen the 
lung injury, whereas when PEEP is combined with smaller 
tidal volumes that minimize end-inspiratory pressures and 
volumes, the injury improves.” % It has also been suggested 
that the effectiveness of PEEP is determined, in part, by 
the timing of its application: early application of PEEP may 
be more effective than late application. Although this 
concept has not been substantiated in clinical trials,28 recent 
evidence suggests that PEEP decreases lung water, and 
when combined with small tidal volumes may in fact protect 
small airways from further injury.*! Whether PEEP is an 
effective ventilation strategy when it is applied before or 
after HBM-induced lung injury in rabbits is unknown. 

Accordingly, we designed the following prospective, 
controlled, laboratory investigation to evaluate surfactant 
and PEEP as adjuvant therapies in the management of acute 
lung injury induced by intratracheal instillation of HBM 
in ratbits. 


Materials and methods 


Surgical preparation 

With approval by the institutional animal care committee, 
pathogen-free adult New Zealand white rabbits (Charles 
River, St. Constant, Quebec, Canada) weighing 3.20.3 kg 
were studied. The rabbits were fasted overnight for solids 


and allowed free access to clear fluids up to 4 h before 
induction of anaesthesia. Each rabbit was premedicated 
with ketamine 10 mg kg, atropine 0.16 mg kg! and 
acepromazine 0.2 mg kg” i.m. After application of electro- 
cardiographic monitoring, anaesthesia was induced with 
halothane in a nitrous oxide/oxygen gas mixture. Lactated 
Ringer’s solution was infused at a rate of 10 ml kg h“! 
through a 24G cannula in a marginal ear vein. Systemic 
arterial pressure was monitored continuously via a 24G 
catheter that was inserted into the common carotid artery 
under direct vision. Right atrial pressure was monitored 
continuously via a 5 Fr umbilical catheter that was inserted 
into the internal jugular vein under direct vision. After 
subcutaneous infiltration of bupivacaine 1 mg kg! with 
epinephrine into the anterior neck caudal to the cricoid 
cartilage, a surgical tracheostomy was performed between 
the third and fourth tracheal rings. A 3.5-mm Portex 
uncuffed tracheal tube was inserted through the stoma to a 
depth of 3 cm and sealed with a ligature. Bilateral inflation 
of the lungs was confirmed by observation of symmetrical 
chest expansion and by auscultation of the thorax. Ventila- 
tion was controlled after i.v. administration of pancuronium 
bromide 0.5 mg kg!. Paralysis was maintained using a 
continuous i.v. infusion of pancuronium (0.4 mg kg™ hr). 
Intermittent positive pressure ventilation was delivered via 
a pneumatically operated, time-cycled and volume-limited 
ventilator (Airshield’s Ventimeter Ventilator®, Hatboro, 
Penn). Anaesthesia was maintained with 1% inspired halo- 
thane in humidified oxygen. Rectal body temperature was 
maintained at 381°C using a warming blanket and an 
overhead infrared radiant heater. Mean arterial pressure was 
maintained =5.3 kPa (normal 26.67 kPa) and right atrial 
pressure between 0.27 and 0.67 kPa throughout the study 
period using intermittent fluid boluses of 5-10 ml kg"! 
lactated Ringer’s solution as necessary. All rabbits were 
supine throughout the study. 


Experimental protocol 


After induction of anaesthesia, the tidal volume was 
adjusted to deliver between 10 and 12 ml kg™!. The respirat- 
ory rate was adjusted to produce normocapnia (Paco,4.7— 
6.0 kPa) before instillation of the HBM. Ventilatory settings 
were not adjusted subsequently. Cardiotonic or vasoactive 
drugs were not used in this study. Baseline arterial blood- 
gas and dynamic compliance measurements were recorded 
10 min after stable cardiorespiratory variables. The rabbits 
were then randomly assigned to one of four treatment 
groups (six rabbits per group). 
(1) Control: HBM alone; no additional treatment. 
(2) Surfactant; 100 mg kg! bovine lung surfactant (bLES 
Biochemicals) instilled into the trachea 1 h after HBM. 
(3) PEEP-pre; 0.5 kPa PEEP before and after HBM 
instillation. 
(4) PEEP-post; 0.5 kPa PEEP starting 1 h after HBM. 
The pH of the HBM was adjusted to 1.8 with HCI using 
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a Radiometer Copenhagen PHM62b pH meter (Copenhagen, 
Denmark) that had been calibrated with commercial buffer 
solutions (pH 1 and pH 4; Fisher Scientific, Nepean, 
Ontario) before each measurement. The accuracy range of 
this instrument is +0.01 pH units. 

Following completion of the baseline measurements, 
0.8 ml kg”! of acidified HBM was instilled into the trachea 
through the tracheostomy tube. For rabbits in Group 2, 
100 mg ml"! of exogenous surfactant was instilled into the 
tracheal tube 1 h after HBM. For rabbits in Group 3, 0.5 kPa 
PEEP was added to the expiratory limb of the ventilator 
circuit at the start of mechanical ventilation and maintained 
until the end of the study period. For rabbits in Group 4, 
0.5 kPa PEEP was added to the expiratory limb of the 
ventilator circuit 1 h after instillation of HBM and was 
maintained until the end of the study. 

After completion of the study, six additional rabbits were 
prepared in the same manner as described above except 
that no fluid was instilled into the lungs (no aspirate). 
These rabbits were ventilated for 4 h to control for the 
effects of mechanical ventilation on the physiological 
responses (A—aDO, and compliance) and histological lung 
changes. 

Blood-gas analysis, peak-inspired pressure and lung 
volumes were recorded hourly for 4 h after instillation in 
all rabbits. When the final measurements were completed, 
the rabbits were killed by administration of pentobarbital 
35 mg kg! followed by KCI 6 mmol kg™ into the right 
atnum. The lungs were removed en bloc and immersed 
in 10% formalin until histopathological analysis by a 
pathologist who was blinded to the treatment. Light micro- 
scopic sections from the lungs of each rabbit were stained 
with haematoxylin and eosin, and examined qualitatively 
for evidence of alveolar oedema and congestion, atelectasis, 
particulate matter in the alveolar ducts and white cell 
infiltration. 


Methods of measurement 


Arterial blood-gas tensions (carbon dioxide and oxygen) 
and pH were measured using a Radiometer Copenhagen 
ABL330 analyser (Copenhagen, Denmark). The alveolar 
to arterial oxygen tension gradient (A-aDO,.) was 
calculated as follows: A~aDO, = {Fio, [PB — PH20] - 
[Paco,/0.8] - Pao,}. The arterial and central venous 
pressures were measured via a calibrated and heparinized 
saline-filled transducer (Hewlett Packard 78342A, Mis- 
sissauga, Ontario). The transducers were zeroed at mid- 
thoracic level. Dynamic compliance was taken as the ratio 
of the expired tidal volume (measured at the tracheal 
tube using a precalibrated pneumotachograph connector 
(Neonatal Volume Monitor-1: Bear Medical Systems, 
Riverside, CA, USA)) and the peak inspiratory pressure 
(measured at the distal inspiratory limb of the ventilator 
circuit). Each expired volume was the average tidal volume 
of five sequential breaths. Peak inspiratory pressure was 
measured using a calibrated saline-filled transducer (Hewlett 


Packard 78342A, Mississauga, Ontario). Compliance was 
normalized for body weight (measured volume/pressure/kg 
body weight) to account for any variability in weight among 
the rabbits. 


Data analysis 


Data are presented as means (sp). A-aDO, and dynamic 
compliance were analysed using two-factor ANOVA with 
repeated measures for time on STATISTICA® version 4.1 
by StatSoft©, Tulsa, OK, USA on a Macintosh G3, OS 
8.5.1. Post hoc testing was performed for significant main 
and interaction effects using the Student-Newman—Keuls 
test. A value of P<0.05 was accepted as statistically 
significant. 


Results 


All rabbits completed the study. There were no serious 
complications observed. 

Baseline A-aDO, measurements ın the five groups 
were similar (Fig. 1). A~aDO, did not change significantly 
at any time in the no aspirate group. The main effects 
of treatment and time, and their interaction on A-aDO, 
were all significant (P<0.0000001). A-aDO, in all four 
HBM-treated groups worsened by up to fivefold at all 
post-injury measurements compared to their respective 
baselines (P<0.0006), with the greatest change occurring 
at 1 h post-injury. At 1 h post-injury, the A-aDO, in 
the PEEP-post group was significantly worse than that 
in the PEEP-pre group (P<0.013). At each hourly 
measurement after 1 h, the A~aDO,. measurements in the 
control and PEEP-pre groups were unchanged. At 2 and 
3 h post-injury, A-aDO, in the PEEP-post group 
improved significantly compared to the other three groups 
(**P<0.0011 and +P<0.02, respectively). At 4 h post- 
injury, the A-aDO, in the surfactant (P<0.023) and 
PEEP-post (P<0.0011) groups (40-46.7 kPa) improved 
significantly compared to those in the control and PEEP- 
pre groups. The A-aDO, in all four HBM-injured groups 
exceeded that in the no aspiration group at all four post- 
injury measurements. 

Baseline dynamic compliance measurements in the five 
groups were similar (Fig. 2). Compliance in the no aspirate 
group did not change during the study period. The main 
effects of treatment (P<0.02) and time (P<0.0000001) and 
their interaction (P<0.0144) were significant. Intratracheal 
HBM significantly decreased dynamic compliance at all 
four post-injury measurements in the control, surfactant and 
PEEP-post treatments compared to their respective baselines 
values (P<0.0048), but there was no difference among the 
three treatments at any time. Compliance in these three 
groups was significantly less than in the no aspirate group 
(P<0.027) at all times post-injury, except at 1 h PEEP-post 
and 4 h after surfactant. Compliance measured in the PEEP- 
pre group post-injury was simular to the baseline, except at 
3 and 4 h post-injury when it was significantly less than 
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Fig 1 Mean A-aDO, (sD) before and hourly for 4 h after tracheal 
instillanon of HBM in adult rabbits treated with one of four ventilatory 
strategies or after instillation of no fluid (no aspirate). Baseline A-aDO, 
was similar in all five groups. A~aDO, ın the no aspirate group did not 
change significantly throughout the study period, but was sigmificantly 
less than that in the HBM-treated groups at all post-injury measurements. 
The A-aDO, ın all four HBM-treated groups worsened by up to fivefold 
after the injury, reaching the worst gradient by 1 h compared to baseline 
(P<0.0006). At 1 h post-myury, the A-aDO, ın the PEEP-post group was 
significantly worse than that in the PEEP-pre group (*P<0.013). A-aDO, 
in the cantrol and PEEP-pre groups was unchanged from the 1 h post- 
injury measurement for the remainder of the study. At 2 and 3 h post- 
inyury, A-aDO, in the PEEP-post group improved significantly compared 
to the other three groups (**P<0.0011 and £P<0.02, respectively). At 
4 h post-injury, A-aDO» ın the surfactant ({P<0.023) and PEEP-post 
(**P<0.0011) groups umproved compared to the control and PEEP- 
pre groups. 


the baseline (P<0.023). Compliance in the PEEP-pre group 
was intermediate among the other treatments, not differing 
from them at any time post-injury. 

Histological examination of the lungs revealed consistent 
changes within each group. Histological lung sections are 
shown (ow magnification) from each of the four groups 
and compared to a lung section of a rabbit ventilated for 
4 h but not given HBM. The histology of lungs in the 
control group showed areas of consolidation and oedema 
(Fig. 3). In the lungs of rabbits treated with surfactant, 
histology showed normal bronchoalveolar architecture with 
evenly spaced alveoli (Fig. 4). In the lungs of rabbits treated 
with the PEEP-pre, histology showed a blend of both 
normal inflated alveoli, alveoli filled with transudate and 
atelectatic alveoli (Fig. 5). In the lungs of rabbits treated 
with PEEP-post, histology showed areas of consolidation 
and oedema within alveoli, interspersed with dilated and 
distended bronchoalveolar spaces (Fig. 6). For comparison, 
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Fig 2 Mean dynamic compliance (sD) before and hourly for 4 h after 
tracheal instillation of HBM into rabbits treated with one of four 
ventilatory strategies or after instillation of no fluid (no aspirate). 
Baseline comphance was simular in all five groups. Compliance in the 
no aspirate group did not change significantly throughout the study. 
Compliance decreased at all four hourly post-injury measurements in 
the control, surfactant and PEEP-post groups compared to their respective 
baseline values (P<0.0048) Compliance m the PEEP-pre group 
decreased only at 3 and 4 h post-injury (P<0.023) compared to 
baseline. Compliance ın the control, surfactant and PEEP-post groups 
was similar at all four post-injury measurements, but all measurements 
were significantly less than that in the no aspirate group (“P<0 027) 
at all times except at 1 h post-injury ın the PEEP-post group and 4 h 
post-injury in the surfactant group. PEEP-pre did not differ from the 
other treatments at any time post-1njury. 


histology of the lungs from the no aspirate group after 4 h 
of conventional mechanical ventilation showed normal 
bronchoalveolar architecture (Fig. 7). 


Discussion 

In the present study, we evaluated exogenous surfactant 
and 0.5 kPa PEEP as potential therapies for the acute lung 
injury induced by tracheal instillation of HBM in a rabbit 
model of aspiration. First, our results confirm that 
tracheal instillation of 0.8 ml kg! HBM acidified to a pH 
of 1.8 in this model induces an acute lung injury that 
persists for at least 4 h.! ? 3? Second, both exogenous 
surfactant 100 mg kg~! and PEEP-post (0.5 kPa) independ- 
ently attenuate the severity of the A—aDO,; by 2 h in the 
case of PEEP-post and by 4 h in the case of surfactant, 
compared to control and PEEP-pre therapies. The salutary 
effects of surfactant on the A-aDO, in this model are 
consistent with recently published data.** Qualitative histo- 
logical examination of the lungs at 4 h after tracheal 
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Fig 3 Control group H & E stain of the lungs after tracheal instillation 
of HBM ın rabbits Areas of consolidation are evident within alveoli 





Fig 4 Surfactant-treated lungs H & E stain of the lungs after tracheal 
instillanon of HBM in rabbits and treatment with surfactant 
Bronchoalveolar architecture appears normal with evenly spaced alveoli 
on histological examination, 





Fig 5 PEEP-pre treated lungs H & E stain of the lungs after tracheal 
instillation of HBM ın rabbits PEEP was applied to the lungs before 
instillauon of the HBM On histological examination, alveolar spaces 
remain open, although many are filled with pink-stained maternal that may 
represent proteinaceous alveolar transudate and/or HBM. 


instillation of HBM and treatment with surfactant showed 
normal lung architecture (Fig. 4) similar to that after no 
aspirate (Fig. 7). In contrast, both the PEEP-pre and PEEP- 
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Fig 6 PEEP-post treated lungs. H & E stain of the lungs after tracheal 
instillation of HBM ın rabbits PEEP was applied to the lungs after 
instulation of the HBM. On histological examination, areas of consolidation 
are interspersed with areas containing distended bronchoalveolar 
architecture. 





Fig 7 No aspirate. H & E stain of the lungs from healthy rabbits that were 
ventilated for 4 h. Histological examination of the lungs demonstrates 
normal bronchoalveolar architecture 


post showed distorted bronchoalveolar architecture, and 
congested and collapsed alveoli (Figs 5, 6). These data 
indicate that tracheal instillation of surfactant 1 h after 
HBM improves both gas exchange and maintains normal 
histological architecture of the lungs, whereas 0.5 kPa 
PEEP-post only improves gas exchange. 

In this model of aspiration, the pH and volume of the 
HBM instilled into the trachea were based on published 
data. Litman et al.*> measured the pH and volume of gastric 
fluid aspirated from the stomachs of infants 2 h after 
breastfeeding. The mean pH of the residual gastric fluid 
was 2.6 (SD 0.8). If we assume that these pH data were 
normally distributed, then =84% of all breastfed infants 
should have, 2 h after feeding, a gastric fluid pH > 1.8. 
Accordingly, we acidified the HBM to a pH of 1.8 to reflect 
the most acidic residual HBM that a majority of infants 
could aspirate after breastfeeding. The minimum volume 
of aspirated fluid that leads to severe pneumonitis, 
0.8 ml kg, 35 is twice that reported by Roberts and 
Shirley. In their report, 0.4 ml kg"! was instilled into the 
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airway of a primate, although a careful review of their 
methodology indicates that they actually instilled the fluid 
into one bronchus. Instilling 0.4 ml kg~! into one bronchus 
is equivalent to instilling 0.8 ml kg! into the trachea, 
the volume of fluid used in the current study. Although 
tracheal instillation of a more acidic mixture or larger 
volume of HBM may have injured the lungs more severely, 
the lung injury that resulted from tracheal instillation of 
0.8 ml kg! HBM at pH 1.8 reflects that which could occur 
in a majority of breastfed infants. 

Alveolar surfactant may be abnormal after pulmonary 
aspiration for several reasons. First, published studies in 
animals demonstrated that pulmonary aspiration of HCl 
damages the alveolar—capillary membrane.'® The acid 
damage increases permeability to protein-rich oedema fluid, 
which inhibits surfactant function.!6 19 2° The reduced 
effectiveness of surfactant increases the surface tension 
within alveoli, and therefore, increases transalveolar 
pressure gradients. These gradients lead to alveolar collapse 
and ventilation/perfusion mismatch, both of which decrease 
oxygenation. The gradients also increase the alveolar wall 
stress, which in turn, fills the alveoli with more transudate 
and inactivates residual native surfactant. This may be a 
very important mechanism by which acid aspiration impairs 
gas exchange and reduces lung compliance. A second 
possible mechanism for the surfactant abnormalities in 
HBM-induced lung injury is a direct effect of the constitu- 
ents of milk on surfactant function.’ However, this 
mechanism remains speculative in the absence of substantive 
evidence. Several studies have established a therapeutic 
role for exogenous surfactant in acute lung injury and 
ARDS.?—0 That oedema-induced inhibition of surfactant 
depends on the surfactant concentration may explain, in part, 
how exogenous surfactant replacement therapy attenuates or 
prevents, in part, the physiological lung changes after HCl 
acid aspiration!? 2°38 39 and endotoxin-induced lung injury.” 
The improvements in gas exchange and normal alveolar 
architecture on histological examination after surfactant 
therapy in the present study are consistent with the results 
of Nishina et al.?? Together, these two studies support a 
therapeutic role for 100 mg kg" surfactant in HBM-induced 
lung injury. 

The effectiveness of PEEP applied 1 h after tracheal 
instillation of HBM was also evaluated in this. study. 
Because of the dearth of experience with PEEP in this 
model, we designed this study using 0.5 kPa PEEP as the 
initial treatment. PEEP-post improved gas exchange but 
had a minimal effect on the histopathology of the lungs 
after HBM-induced lung injury. These results are consistent 
with published data.’ 4! 42 Previous studies have suggested 
that the effectiveness of PEEP in acute lung injury may 
depend, in part, on the timing of the introduction of PEEP 
relative to the injury as well as the amount of PEEP 
applied.?8 3! 43 In the present study, we added PEEP 1 h 
after the injury to provide sufficient time to establish and 
document the presence of the lung injury. This 1 h time 


interval between injury and application of PEEP is inter- 
mediate between the two extreme times of application of 
PEEP: immediate application which showed benefit in some 
studies;*! and late application of PEEP (2 or 3 h after the 
injury) which showed no benefit ın other studies.“ Had 
PEEP been applied immediately after the lung injury in the 
current study, it is possible that the outcome in the PEEP- 
post group may have been more favourable. It is also 
possible that more PEEP might have improved the results, 
particularly because we did not determine the ‘best PEEP’. 
Evidence from a rabbit model of acid aspiration suggested 
that a PEEP of 1 kPa did indeed improve oxygenation and 
compliance above the inflection point on the pressure— 
volume curve compared with a PEEP of 0.3 kPa, although 
mortality and histology of the lungs did not differ between 
the groups.’ Lastly, combination therapy of surfactant and 
PEEP was not evaluated in the present study. These two 
strategies may benefit lung mechanics in a synergistic 
manner, as recent evidence suggests that in addition to 
improving lung function, PEEP maintained more of the 
exogenously administered surfactant in an active form in 
an animal model of prematurity. On the basis of the 
findings in this study, further studies are warranted to 
determine the “best PEEP’ in this model of HBM aspiration, 
and whether a combination of ‘best PEEP’ and surfactant is 
preferable to single strategies for HBM-induced lung injury. 
We were somewhat surprised by the severity of the 
physiological responses after treatment with PEEP-pre. The 
application of PEEP before the injury should splint open 
the small airways and improve gas exchange. However, 
compliance in this group was less than in the control group, 
and the A-aDO, was the largest of all the HBM-injured 
groups. We hypothesized that the poor physiological 
responses to PEEP-pre resulted from sub-optimal PEEP and 
a wider distribution of HBM throughout the lungs. This 
latter notion is supported by histological findings of pink- 
stained material in the airspaces throughout the lung. 
Recent evidence has suggested that large tidal volumes 
may lead to VILI.!° 4 47 The probability that VILI will 
occur seems to increase as the tidal volume increases, with 
injury occurring at tidal volumes that exceed 18 ml kg". 
In the present study, we used tidal volumes in the range of 
10-12 ml kg™! and peak airway pressures between 1.0 and 
2.0 kPa, settings that would not be expected to lead to VILI 
even after 4 h of ventilation. Nonetheless, to control for 
the effects of mechanical ventilation on the lungs of rabbits 
without lung injury, we included a ‘no aspirate’ group in 
which six rabbits were ventilated mechanically for 4 h. 
Furthermore, to control for a possible interaction between 
mechanical ventilation and HBM-induced lung injury,“ a 
‘control’ group in which HBM was instilled into the trachea 
and the lungs were ventilated with the standard ventilatory 
settings was included. In both instances, mechanical ventila- 
tion did not adversely affect lung function: in the no 
aspirate group, physiological and histological markers were 
unchanged throughout the study; and in the control group, 
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tracheal instillation of HBM produced an acute lung injury 
that was similar to that reported previously both in severity 
and duration.' On the basis of our findings, the modest 
tidal volumes and peak inspiratory pressures that were used 
in this model do not appear to predispose to VILI. 

We developed this model of acute lung injury after 
tracheal instillation of HBM to identify those variables that 
contribute to the severity of the lung injury as well as 
effective therapeutic modalities. This model has proved to 
be reliable and stable.>!? 32 The stability of this model 
together with the absence of eosinophilia on histological 
examination of the lungs and the peripheral blood smear, 
and the absence of progressive cardio-respiratory collapse 
suggest that this lung injury is not an immunologically 
mediated cross-species response to a foreign material, 
specifically HBM, within the lungs of rabbits. 


Conclusions 


We conclude that exogenous surfactant therapy improves 
gas exchange and compliance as well as maintains normal 
bronchoalveolar architecture in a rabbit model of acute lung 
injury induced by tracheal instillation of HBM. PEEP 
applied 1 h post-HBM improves oxygenation but does not 
affect the histology of the lung parenchyma. PEEP-pre is 
the least effective of the three treatments. 
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Langendorff rat hearts were used (I) to examine whether fentanyl reduces stunning, infarction 
or both, and (ii) to investigate if this protection is mediated by 8-opioid receptors and/or 
protein kinase C (PKC). In the stunning study, hearts were subjected to global ischaemia 
(20 min) and reperfusion. This did not produce infarction. Postlschaemic mechanical function 
was measured in hearts treated with or without fentanyl (740 nm). Fentanyl did not affect 
postischaemic mechanical function. In the Infarction study, the left anterlor descending coronary 
artery was occluded for 35 min and infarct size was assessed by triphenyltetrazolium chloride 
staining. Hearts in the control group exhibited an Infarct zone/area at risk (I/R) of 39 (SEM 5)%, 
whereas the I/R for the fentanyl group was 13 (2)%. When the hearts were treated with a 
S-opioid receptor antagonist (naltrindole | nM) or a PKC inhibitor (chelerythrine 2 um), the 
effect of fentanyl was abolished, with I/R of 37 (1) and 36 (2)% respectively. In our model, we 
conclude that fentanyl protects against infarction but not against stunning, and that the limitation 


of ischaemic injury Is mediated by both -opioid receptors and PKC. 
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The last decades have witnessed a large increase in the 
number of surgical patients with ischaemic heart disease. 
Anaesthetists very often treat patients with coronary artery 
disease and make strenuous efforts to minimize perioper- 
ative myocardial ischaemia. More than 10 years ago it was 
reported that halothane and isoflurane protected against 
myocardial stunning. Additional evidence that inhalational 
anaesthetics diminish myocardial injury following isch- 
aemia has been reviewed recently by Ross and Foéx.! 
Moreover, morphine has been found to limit infarct 
size,™4 hence there is increasing interest in opioids as 
cardioprotective agents. 

Ischaemic preconditioning is another mechanism by 
which«the myocardium can be protected against ischaemic 
injury. Ischaemic preconditioning describes the protection 
against subsequent damage caused by prolonged ischaemia, 
conferred by brief periods of ischaemia.*” This protective 
state lasts 1-3 h and has been demonstrated in a wide 
variety of animal species and in humans." © Activation of 
protein kinase C (PKC) seems to play a major role in 
ischaemic preconditioning. 7 PKC reportedly opens Karp 
channels, whose central role in ischaemic preconditioning 
has been generally accepted.°’ PKC is stimulated by opioid 
receptor agonists as well as adenosine A;, bradykinin and 
noradrenaline receptor agonists and free radicals.®” All these 


substances are endogenously released in the myocardium by 
ischaemia and, therefore, are putative mediators of isch- 
aemic preconditioning.® 7 

In a previous report, we demonstrated that fentanyl 
alleviated postischaemic ventricular dysfunction and that 
this cardioprotective effect was mediated by opioid receptors 
and Karp channels.® We speculated that the cellular signal 
conferring the beneficial effect was passed from opioid 
receptors to Karp channels through the activation of PKC. 
Indeed, bradykinin,? adenosine,!° !! endothelin!* and nor- 
adrenaline,'3 which share common signal transduction 
pathways with opioids, diminish myocardial injury after 
ischaemia. Of further importance, this reduction in isch- 
aemic damage is blocked by PKC inhibitors? !° 1? 13 or Karp 
channel blockers.!! !* However, our previous study did not 
directly examine the role of PKC in the protection conferred 
by fentanyl. 

Although fentanyl has a preferential affinity for -opioid 
receptors, it also interacts with 8- and «-receptors.!4 Of the 
three major opioid receptors, ô- and K- but not -receptors 
are expressed in the rat myocardium.) «-Agonists have 
been reported to be arrhythmogenic and to worsen haemo- 
dynamics in ischaemia.’ 17 In contrast, 8-opioid receptors 
seem to be involved with myocardial protection against 
ischaemic damage.’ 1%?! This raises our second question, 
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of whether the attenuation of postischaemic dysfunction by 
fentanyl resulted from -opioid receptor stimulation. 

The third question left unsolved was whether fentanyl 
protects against stunning or infarction, as we assessed left 
ventricular mechanical function. This can reflect the degree 
of both types of ischaemic injury, and we used a period of 
global ischaemia that lasted 30 min, which may result in a 
mixture of both types of damage.” 

Therefore, we decided to examine (i) if fentanyl reduces 
stunning and/or infarction, and (ii) if the protection given 
by fentanyl is mediated by PKC and/or 5-opioid receptors. 


Methods 


The study was performed in accordance with the United 
Kingdom Animal Act (Scientific Procedures) 1986 (Home 
Office Project Licence number PPL 30/1496), 


Preparation of rat hearts 


The methods used have been described in detail elsewhere. 
Adult male Wistar rats (325-400 g) were anaesthetized 
with intraperitoneal pentobarbitone 60 mg kg™! and heparin 
200 IU was administered. The hearts were rapidly excised, 
arrested in ice-cooled Krebs—Henseleit (KH) buffer, and 
perfused with KH solution by the Langendorff method. The 
perfusion pressure was set at 100 cm H,O and kept constant. 
A polyvinyl balloon filled with KH solution was inserted 
through the left atrium into the left ventricle and connected to 
a pressure transducer. A small thermistor (T200K, Digitron 
Instruments, Hertford, UK) was placed in the left ventricle 
and the heart temperature was kept at 37°C during the 
procedure. All hearts were paced at a fixed rate of 300 bpm. 
The volume of the balloon was adjusted to achieve an end- 
diastolic pressure (EDP) between 5 and 10 mm Hg, which 
was maintained throughout the procedure. In the infarction 
study, a 3/0 silk suture (W598, Mersilk, Ethicon, Edinburgh, 
UK) was passed around the main branch of the left anterior 
descending coronary artery (LAD) to make a snare. 


Experimental design 
Figure 1 summarizes the procedure. 


Stunning study : 

Groups stn-Con (n=9) received no drug. Fentanyl was 
administered to the perfusate in group stn-Fen (n=9) and 
remained in the perfusate for the rest of the procedure. 
After the drug incubation period, the aortic flow was stopped 
and global ischaemia induced. Ventricular pacing was 
stopped during ischaemia. After 20 min, aortic flow was 
reintroduced and continued for 120 min. Pacing was reintro- 
duced 8 min into reperfusion and continued until the end 
of the procedure. ' 


Infarction study 

The hearts were allocated to one of six groups depending 
upon the chemicals added to the perfusate. Group inf-Con 
was treated with no drug (n=6), group inf-Fen with fentanyl 


(n=6), group inf-NIt with the selective d-opioid receptor 
antagonist naltrindole (n=5), group inf-Fen+Nlt with fen- 
tanyl and naltrindole (n=5), group inf-Che with the PKC 
inhibitor chelerythrine (n=5) and group inf-Fen+Che with 
fentanyl and chelerythrine (n=5). Regional ischaemia was 
induced by tightening the snare around the coronary artery. 
After an ischaemic period of 35 min, the snare was loosened 
and the heart was reperfused. Pacing was maintained 
throughout the procedure. 

In both studies, haemodynamic measurements were 
taken after stabilization (pre-drug), before ischaemia (pre- 
ischaemia) and at several points during reperfusion. Meas- 
urements included developed pressure (DP), EDP, maximum 
positive and minimum negative derivative of left ventricular 
pressure (+dP/dt,,,, and -dP/dty;, respectively) and coron- 
ary flow (CF). Details of haemodynamic data collection 
have been published elsewhere.® At the end of perfusion, 
infarct size was measured using the triphenyltetrazolium 
chloride (TTC) staining method (see below). The concentra- 
tions of the drugs were fentanyl 740 nM (Janssen-Cilag, 
Buckinghamshire, UK), naltrindole 1 nM (Research Bio- 
chemicals International, MA, USA) and chelerythrine 2 uM 
(Research Biochemicals International). 


Evaluation of infarct area 


Stunning study 

The heart was frozen and sliced into cross-sectional pieces 
just over 1 mm thick. The pieces were incubated in 1% 
TTC (Sigma Chemical Co., Dorset, UK) in 0.1 M phosphate 
buffer (pH=7.4) at 37°C for 20-30 min. This was used to 
distinguish unstained (grey) infarct and stained (red) non- 
infarct zones. The slices were immersed in 10% formalin 
in saline for 1-2 days. The slices were sandwiched between 
transparent plates to a thickness of 1 mm. The image of 
the heart slices were traced on a transparent sheet. Infarct 
and non-infarct areas were determined by planimetry using 
SigmaScan (Jandel Corporation, CA, USA). 


Infarction study 

The LAD occluder was retightened at the end of reperfusion 
and 0.125% Evans blue in saline was injected into the heart 
through the aorta for visualization of the non-ischaemic 
zone. Hearts were then sliced and stained in the same way 
as in the stunning study. Each non-ischaemic, risk (ischaemic 
but not infarct) or infarct area was determined by planimetry. 


Statistics 

All values are expressed as mean (SEM). Differences in 
haemodynamic indices between groups at various time 
points were compared using two-way analysis of variance 
(ANOVA) for treatment and time with repeated measures 
on a time factor. The comparison of infarct area/area at risk 
and area at risk was performed by one-way ANOVA 
combined with Bonferroni’s test. Statistical significance 
was assumed at the P<0.05 level. 
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Fig 1 Procedure of the experiments. 
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Fig 2 Recovery of developed pressure (DP) in the stunning study Results 
are mean (SEM). No significant difference was found between the groups. 
stn=stunning, Con=control; Fen=fentanyl. 


Results 


Stunning study 

The indices of mechanical function obtained for DP, PSP, 
EDP, +dP/dtmex, —dP/dtnn and CF are shown in Figure 2 
and Table 1. Groups stn-Con and stn-Fen showed similar 
recovery profiles and there were no significant differences 
in any index at any time. No unstained (infarct) area was 
detected by TTC in any hearts. 


Infarction study 

Table 2 illustrates haemodynamic parameters. No significant 
difference was found between the groups. Infarct area/area 
at risk (/R) was 39 (5)% in the control group, whereas 





(inf- Nit, Fen + Nit) 
Chelerythrine (inf-Che, Fen + Che) 


Fentanyl (inf-Fen,Fen+Nit, Fen+Che) 


lization VA, 
ra min 10 min 15 min 


Pre-lschaemla Reperfusion 10 30 min 






Ischaemia 
35 min“ 


Reperfusion 
M 120 mm 


fentanyl significantly reduced I/R to 13 (2)% (P<0.01) 
(Fig. 3). Naltrindole and chelerythrine alone did not affect 
Y/R (39 (2)% in inf-NIt, 35 (2)% in inf-Che). When fentanyl 
was given with either naltrindole or chelerythrine, the extent 
of infarction did not differ from control A/R was 37 (1)% 
for group inf-Fen+Nlt and 36 (2)% for group Fen+Che). 
The area at risk (mm?) was 212 (12) in group inf-Con, 214 
(8) in group Fen and 223 (7) in group NIt, and 217 (8) in 
group Fen+Nit, 207 (8) in group Che and 214 (8) in group 
Fen+Che (not significant). 


Discussion 


The present study shows that fentanyl reduced the extent 
of infarction. A similar effect has been demonstrated for 
morphine. In response to a LAD occlusion lasting 30 min in 
isolated rabbit hearts, morphine decreased infarct/area at risk 
from 32 to 9%.* Morphine also reduced necrosis in hearts 
in vivo * and in isolated ventricular myocytes;”! this effect 
was abolished by an opioid receptor antagonist.? 4 2! The 
attenuation of infarct area by fentanyl is consistent with 
these findings. 

This cardioprotection produced by fentanyl was elimin- 
ated by the selective 5-opioid receptor antagonist naltrindole. 
Schultz and colleagues showed that a 5,-opioid receptor 
agonist limited infarct size,!° and that ischaemic precondi- 
tioning was mediated by 6- but not p- or K-receptors.? 2 
In addition, morphine-induced protection was demonstrated 
to result from 6-receptor activation.’ 2! It should be noted 
that these studies on opioid subtypes have been conducted 
in rats, a species in which p-receptors have not been 
identified.'> However, in other species, -receptors may 
be identified in the myocardium, and the activation of 
-receptors could affect the degree of ischaemic injury. 
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Table 1 Haemodynamic indices before and after ischaemia in the stunning study, Results are mean (SEM). There were no differences between the two groups in 
any wndex at any measurement pomt, DP=developed pressure; EDP=end-diastolic pressure, +dP/dty,g,maximum positive denvative of left ventncular 
pressure; -dP/dé,,,.,"minimum positive derivative of left ventricular pressure; CF=coronary flow; sta=stunning; Con=control, Fen=fentany! 


Before drug — Before 
ischaemia 
10 
DP (mm Hg) 
sm-Con 109 (3) 109 (2) 41 (6) 
stn-Fen 112 (3) 110 (3) 42 (8) 
EDP (mm Hg) 
6 (0) 6 (0) 55 (6) 
stn-Fen 5 (0) 5 (0) 55 (1) 
+dP/dimax (mm Hg s~!) 
stn-Con 2782 (77) 2857 (61) 861 (177) 
sto-Fen 2937 (90) 2989 (83) 932 (227) 
~dP/dimin (mm Hg s!) 
stn-Con 2203 (126) 2157 (73) 592 (147) 
stn-Fen 2112 (57) 2134 (57) 768 (165) 
CF (ml min“) 
stu-Con 18 (1) 17 (1) 13 (1) 
17 (1) 17 (1) 13 (1) 


Reperfusion (min) 








20 30 40 50 
61 (7) 69 (7) 70 0) 71 (5) 
58 (9) 70 (7) 75 (1) 73 (6) 
40 (5) 35 (5) 33 (5) 33 (4) 
40 (5) 34 (5) 32 (4) 32 (4) 
1489 (227) 1778 (238) 1898 (214) 1922 (201) 
1500 (242) 1929 (227) 2151 (207) 2176 (176) 
1167 (179) 1342 (180) 1409 (166) 1408 (157) 
1148 (175) 1391 (147) 1481 (145) 1463 (125) 
14 (1) 14 (0) 14 (0) 13 (0) 
14 (1) 14 (1) 13 (1) 13 (1) 


stn-Fen. 


Table 2 Haemodynamic indices ın the infarction study. Results are mean (SEM). No differences were found between groups DP=developed pressure, EDP= 
end-diastolic pressure; CF=coronary flow; inf=mfarction; Con=control; Fen=fentanyl, Nit=naltrindole, Che=chelerythrine 





Before drug Before ischaemia 
DP (mm Hg) 
inf-Con 112 (6) 109 (8) 
inf-Fen 111 (5) 107 (5) 
inf-NIt 112 (3) 108 (2) 
inf-Fen+Nit 108 (5) 103 (2) 
inf-Che 112 (5) 109 (7) 
inf-Fea+Che 108 (4) 105 (5) 
EDP (mm Hg) 
inf-Con 6 (0) 5) 
inf-Fen 5 (0) 5 (1) 
inf-NIt § (1) 6 (1) 
inf-Fen+Nit § (1) §() 
inf-Cke 6 (0) 6 (0) 
inf-Fen+Che 6 (1) 5 (0) 
CF (mi min“ 
inf-Con 19 (0) 18 (1) 
inf-Fen 18 (1) 19 (2) 
inf-Nit 18 (1) 17 (0) 
inf-Fen+Nit 19 (1) 18 (1) 
mf-Cae 18 (0) 18 (1) 
inf-Fen+Che 18 (1) 17 (1) 


PKC transfers -phosphate from ATP to hydroxyl groups 
of serine/threonine residues in proteins. In the cardiac 
myocytes, this phosphorylation controls the function of 
many cellular effectors, and hence regulates various events, 
such as contraction and cell growth.” Consistent with our 
hypothesis, the PKC inhibitor chelerythrine eliminated the 
cardioprotective effect of fentanyl, resulting in increased 
infarct area, Miki and colleagues also showed in rabbits 
that chelerythrine abolished the infarct-limiting effect of 
morphine.’ Our study also suggests that opioids reduce 
infarct size through PKC-linked mechanisms. PKC and 
Kare channels are signalling effectors shown to be central 
to ischaemic preconditioning.® 7 In our previous study, we 











Ischaemia (min) Reperfusion (min) 
5 35 10 3 
35 (3) 56 (5) 90 (3) 83 (7) 
37 (3) 57 (4) 86 (1) 77 (8) 
42 (2) 58 (1) 90 (2) 87 (4) 
42 (4) 59 (3) 86 (2) B1 (2) 
41 (5) 58 (5) 92 (7) 92 (7) 
47 (3) 63 (4) 87 (6) 84 (4) 
3 (0) 4(1) 10 (2) 9 (2) 
40) 3 (0) 7 (1) 7 (1) 
40) 5 (1) 11 (2) 9 (2) 
4 (0) §(1) 13 (3) 10 (2) 
5 (1) 5() 9 (1) 70) 
4 (0) 4 (0) 8 (1) 6 (1) 
8 (1) 8 (1) 17 (1) 17 (1) 
9 (1) 10 (1) 20 (1) 1701) 
8 (1) 9 (1) 20 (2) 18 (2) 
8 (1) 10 (1) 19 (1) 18 (1) 
9 (1) 10 (1) 19 (1) 18 (1) 
9 (1) 9 (1) 18 (1) 17 (1) 


demonstrated that fentanyl elicits myocardial protection via 
opioid receptors and Karp channels. Taking into account 
previous findings, the present study strongly supports the 
PKC hypothesis for the protective mechanism of fentanyl; 
that is, the signal from fentanyl is passed to 6-opioid 
receptors, PKC and then Karp channels in the myocardium. 

However, the PKC hypothesis remains somewhat contro- 
versial. Firstly, the link between 6-opioid receptors and 
PKC has not been characterized directly in the myocardium. 
In rat myocytes, Ventura and colleagues demonstrated that 
-receptor stimulation increased the level of inositol 1,4,5- 
triphosphate.” PKC-coupled receptors generally induce 
phosphoinositide turnover, leading to the production of 
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Fig 3 Infarct area/area at risk (I/R) after 35 min regional ischaemia. Open 
and closed circles represent individual animal I/R and group mean (SEM) 
respectively, a=P<0 01 compared with the group receiving fentanyl alone. 
Con=control, Fen=fentanyl; Nit=naltrindole; Chechelerythnne 


inositol 1,4,5-triphosphate and diacylglycerol; the latter 
activates PKC directly.” 25 In glial cells, however, it is 
widely accepted that S-opioid receptor agonists activate 
PKC?S27, and this could be extrapolated to the myocardium. 

Secondly, some authors have taken issue with a number 
of previous studies which support PKC as a major contrib- 
utor to preconditioning.» 78 They argue that what was 
considered as the effects of PKC agonists or antagonists 
could have been caused by other kinases. Most of the 
reports were based on the use of various PKC agonists and 
antagonists, many of which may not be specific for PKC 
and may affect other protein kinases. We also used a 
pharmacological method in this study, and therefore our 
findings are not free from this criticism. There are currently 
no reliable standard techniques; thus, the controversy over 
PKC will not be resolved conclusively until selective PKC 
inhibitors have been developed.” > 

-PKC inhibitors have been reported recently to be cardio- 
protective against ischaemic injury at relatively low 
doses.?? © Chelerythrine 1 uM alleviated ischaemic injury 
in rats according to Lundmark and colleagues.” In contrast, 
Bugge and colleagues have reported that 2 uM chelerythrine 
blocked the infarct-reducing effect of ischaemic precondi- 
tioning,*! bradykinin? and endothelin!? without showing 
protective effects. Our finding is in agreement with the 
studies by Bugge and colleagues.? !? 3! 

It is generally agreed that Karp channels, which are 
primed by PKC, function as pivotal effectors in ischaemic 
and pharmacological preconditioning.*’ There are two kinds 
of Karp channels in the myocardium: sarcolemmal and 
mitochondrial Karp channels. Recent studies suggest that 
mitochondrial Karp mediate cardioprotection.** However, 
the nature of more distal effectors is currently poorly 
understood, and remains a controversial issue in the PKC 
hypothesis. 

As we used a whole-heart model, the myocardium is not 
the only fentanyl-sensitive target. We should also take the 
vascular system in the heart into account. For example, 
nitric oxide (NO) is released from endothelial cells. Opioids 


increase the release of NO from the endothelial cells in the 
vascular system.?? Hence, fentanyl could produce increased 
coronary collateral flow to ischaemic areas during ischaemia, 
reducing infarction. However, we believe this is unlikely, 
as no significant differences in coronary flow between 
groups were detected during ischaemia; moreover, collateral 
vasculature is not well developed in rat hearts.™ Interes- 
tingly, NO is known to stimulate PKC and Karp channels.*° 
Therefore, fentanyl could have activated PKC and/or Karp 
channels via NO to reduce ischaemic damage. 

This is the first attempt to determine the effect of an 
opioid on pure myocardial stunning. Our previous study 
showed that fentanyl did not alter haemodynamic indices 
in non-ischaemic bearts.® Therefore, the present study 
suggests that fentanyl did not affect the degree of stunning. 
Our group has reported previously that postischaemic sys- 
tolic shortening of the left ventricular wall in fentanyl- 
anaesthetized rabbits was similar to that in 1soflurane- 
anaesthetized animals.*” This suggested that fentanyl might 
be protective against ischaemic injury, for there is general 
consensus that isoflurane attenuates the degree of ischaemic 
damage.! The reason why fentanyl reduced infarction but 
not stunning remains to be elucidated. A number of cellular 
events occur after the onset of ischaemia, and they become 
progressively more severe with time. The sequence is highly 
variable and as yet no clear border separating cell survival 
from death exists.7® However, one hypothesis might be that 
there is an essential step in the course of developing 
ischaemic damage which makes the myocardium destined 
to die, and that fentanyl delays this process. Meldrum and 
colleagues suggested that different PKC isoforms are linked 
to different aspects of myocardial protection against isch- 
aemic injury.” Fentanyl might have activated the specific 
PKC isoforms that reduce infarction but not stunning. 
Another explenation could be that fentanyl reduced infarc- 
tion by increasing coronary collateral flow. It was not 
possible for fentanyl to exhibit protection in our stunning 
model because this involved global rather than regional 
ischaemia. 

Although TTC staining is a reliable method for the 
quantification of infarct size,” it is not sensitive enough to 
detect necrosis of a single cell. This implies that a very 
small amount of infarction might have occurred in our 
stunning model. However, it is highly unlikely that infarction 
of a small fraction of myocardium affects the haemo- 
dynamics of the whole heart. Thus, we consider our model 
valid in assessing the degree of stunning. 

We conclude that fentanyl limits infarction but does not 
attenuate stunning, and that this protection against infarction 
is mediated by an -opioid receptors and PKC-linked 
mechanism in our rat model. Further studies are needed to 
determine whether the contribution of fentanyl in decreasing 
infarction could be applied to clinical practice. The elucida- 
tion of its mechanism could lead to the development of 
novel interventions to reduce infarction in the future. 
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The maintenance of normothermia is an important function 
of the autonomic nervous system in homeothermic mammals 
such as man, as cellular and tissue dysfunction become 
evident at even minor deviations from normal core body 
temperarure.*® 53 113 In man, core temperature is normally 
maintained within narrow limits of 36.5-37.5°C,** even in 
the presence of an adverse environmental temperature, by 
a combination of behavioural and physiological responses. 
Anaesthesia abolishes behavioural mechanisms and has 
the potential to disrupt the physiological mechanisms of 
thermoregulation. Adverse postoperative outcomes, includ- 
ing wound infection, increased surgical bleeding and morbid 
cardiac events are being associated with mild perioperative 
hypothermia (33.0-36.4°C),?! 22 26 42-44 52 74 80 84 85 9) 109 
There is in turn, increased interest in its prevention and 
treatment, using physical and pharmacological therapy. 
Hyperthermia or fever, rather than hypothermia, is a more 
common problem ın critically ill patients in intensive care 
units and has been the subject of a recent editorial.!? In this 
review, we concentrate on the mild, inadvertent hypothermia 
which frequently accompanies clinical anaesthesia. 

The strict physiological definition of hypothermia is core 
temperature greater than one standard deviation (sD) below 
the mean core temperature for that mammal, under resting 
conditions ın a thermoneutral environment.!? Studies on 
healthy. human volunteers have shown that normal human 
core temperature can range from 36.5 to 37.5°C, with mean 
values consistently 36.9-37.0 (0.2-0.5)°C.” 7 82 8 Core 
hypothermia may thus be said to commence at 36.4°C, but 
the lower threshold at which mild hypothermia becomes 
moderate hypothermia is less clearly defined. We have 
taken the clinical anaesthetist’s working definition of mild 
hypothermia as 33.0-36.4°C, the approximate temperature 
at which organ dysfunction may begin to develop.® 13 


Physiology 

Thermoregulation is achieved by a physiological control 
system consisting of peripheral and central thermoreceptors, 
an integrating control centre and efferent response systems 
which take compensatory action.!!? Afferent thermal input 
comes from anatomically distinct cold and warmth recep- 
tors, which may be peripheral or central.’ The central 
control mechanism, situated in the hypothalamus, deter- 
mines mean body temperature by integrating thermal signals 
from peripheral and core structures, and comparing mean 
body temperature with a pre-determined ‘set-point’ 
temperature. In man, the efferent response to effect change 
in body heat content as required is by behavioural and 
autonomic means. The latter involves control of cutaneous 
vascular smooth muscle tone, shivering and non-shivering 
thermogenesis when increased heat production 1s indicated, 
and sweating when heat loss is indicated.*° Behavioural 
responses are of importance in both warm and cold 
challenges, particularly the latter, where in man they are 
quantitatively more important than the autonomic 
mechanisms (Fig. 1). 


Afferent thermal signals 


Much of our knowledge of the structures of the thermo- 
regulatory system has been gleaned from animal studies. 
The afferent thermal input may be central or peripheral. 
Thermally sensitive receptors located in the skin and mucous 
membranes mediate thermal sensation and contribute to 
thermoregulatory reflexes. Most of these receptors are not 
necessarily thermospecific and may also mediate mechanical 
sensation.*® !9 Cold-specific receptors have a peak rate of 
discharge of impulses at 25~30°C.** 3 They are innervated 
by type A-8 nerve fibres. Warm receptors, on the other 
hand, have maximal discharge rate at 45-50°C and are 
innervated by type C nerve fibres.’ 
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Fig 1 Control of thermoregulation 


Cold receptors respond both to long-term, gradual 
decreases and to sudden, transient changes in environmental 
temperature. Transient, violent responses to rates of change 
in environmental temperature are followed by lasting 
responses to chronic low levels of skin temperature. This 
finding was confirmed by Benzinger in a series of experi- 
ments in humans subjected to cold water bath stimulation.’ 
He studied chemical thermoregulation, which refers to 
changes in metabolic heat production, usually measured by 
oxygen consumption. In response to sudden skin tempera- 
ture reduction by immersion in cold water, oxygen consump- 
tion increased acutely and remained elevated, even after 
the cold stimulus was removed, in response to repeated 
cold exposure. These findings, together with the observation 
of ‘overshoot inhibition’ of oxygen consumption in response 
to skin surface warming, led to the conclusion that chemical 
thermoregulation of cold is excited by skin cold receptors 
and is inhibited by central warm reception.’ 39 Cold receptors 
in the skin are the major way the body protects itself against 
cold temperatures, and afferent input from these cold 
receptors in the skin transmitted to the hypothalamus.’ 8 48 

In addition to peripheral cold receptors, there are central 
cold receptors of uncertain anatomical location. Their effects 
are masked by the predominant peripheral influence. 
Metabolic heat production at warm skin temperatures 
increases when the core is cooled to less than 36°C.%° 
Moreover, it has been demonstrated that some hypothalamic 
neurones increase their rate of discharge with decreasing 
core temperature,>! which is consistent with the observa- 
tion that there may be impaired response to cold after 
preoptic hypothalamic lesions!*! or injection of central 


nervous system (CNS) depressant drugs into the anterior 
hypothalamus.!*° Central cold thermoreception is consider- 
ably less important than peripheral cold sensory input, 
but studies in patients with spinal cord transection have 
suggested that this central thermoregulatory process 
becomes active when the core temperature approaches the 
lower limit of its set-point range and is less sensitive than 
the peripheral thermoreceptors.*® 


Central integration — the hypothalamus 


Much of the knowledge about the temperature- 
regulating structures of the hypothalamus has been derived 
from animal models. The afferent thermal information 
mechanisms described feed back to temperature-regulating 
centres in the hypothalamus (Fig. 1). The anterior hypo- 
thalamus conducts the integration of afferent thermal 
information, whereas the posterior hypothalamus controls 
the descending pathways to effectors.*? Experiments in 
animals using thermode technology, whereby a needle-like 
structure may be placed in minute areas of the brain and 
its temperature varied by changing the temperature of water 
passing concentrically within it, have been influential in 
determining the role of specific brain areas.!3 3 © The 
pre-optic area of the hypothalamus contains temperature- 
sensitive and temperature-insensitive neurones. The former 
may be subdivided into heat-sensitive and cold-sensitive. 
neurones. The heat-sensitive neurones, which predominate 
by four to one,!! increase their discharge rate in response to 
increased local heat and this activates heat loss mechanisms. 
Cold-sensitive neurones, conversely, increase their rate of 
discharge in response to cooling of the pre-optic area of 
the hypothalamus.” 14 Neurones sensitive to local thermal 
stimuli also exist in the posterior hypothalamus, reticular 
formation and medulla, and spinal cord.76 © 97 

The posterior hypothalamus integrates cold afferent 
signals from the periphery with heat-sensitive stimulation 
from the pre-optic area of the hypothalamus and instigates 
effector responses. Detection of cold differs from detection 
of heat, in that it relies on afferent impulses from cutaneous 
cold receptors,’ !°* rather than reduced discharge rates of 
the heat-sensitive neurones in the preoptic area.68 By the 
time the core body temperature has fallen 0.5°C below 
normal, the preoptic neurones have become completely 
inactive so that their signal level cannot be decreased any 
further. Rather, detection of cold relies on cutaneous cold 
receptors.’ 1% Although the skin contains both cold and 
warm receptors, there are 10 times as many cold receptors 
as warm receptors’? 104 

Human studies have confirmed that autonomic thermo- 
regulation is dominated by four neural mechanisms: central 
detection of warmth; peripheral detection of cold; central 
warm-inhibition of the metabolic response to cold; and 
finally, inhibition of thermoregulatory sweating by cooling 
of the skin. The last of these is an antihomeostatic 
mechanism, which serves to prevent soaking of the skin 
during strenuous exercise in cool environments.’ è In 
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Fig 2 Activation of thermoregulatory effector responses is triggered at 
specific temperatures for a given individual (‘threshold temperature’) 
Note that under general anaesthesia, the threshold temperatures for 
activaticn of cold effector responses (including vasoconstriction and 
shivering) are ‘decreased’, whereas those for activation of warm responses 
(ncluding sweating and vasodilation) are ‘increased’. Thus, the narrow 
range of temperature between the vasoconstriction and sweating thresholds 
(normally ~0.4°C) is widened during general anaesthesia to ~4.0°C. These 
data are derived from healthy, fasting human volunteers, with ambient 
temperature ~23°C and relative humidity 40%. Reproduced, with 
permission, from Ref 113. 


humans, the ‘set-point’ temperature may be defined as the 
narrow temperature range (typically 36.7-37.1°C) across 
which there is no effector response.’ !!5 The set-point has 
variously been termed a ‘thermoneutral zone’ or ‘inter- 
threshold range’, and is unique to humans. Most mammals 
are better insulated (usually by fur) than man and use 
variation in heat production to achieve thermal balance.*° 
The limits of this narrow range of temperature are the 
thresholds at which cold or warm responses are instigated. 
It is normally no more than 0.4°C, but may be increased 
to as much as 4.0°C during general anaesthesia in human 
volunteers (Fig. 2).!!3-!!7 Human studies have also demon- 
strated a diurnal variation of the set-point, varying from 
approximately 36.2°C during sleep and in the early morning, 
to as much as 1°C higher in the evening (6-11 pm). Females 
have a higher set-point temperature during the luteal phase 
of the menstrual cycle by ~1°C.>° 53 Rabbit studies have 
shown that pyrogens may alter the set-point, increasing its 
triggering temperature by suppressing the activity of warm- 
responsive neurones, an effect which is reversed by aspirin.!® 
Intracranial pathology, such as a space-occupying lesion 
and dehydration, may also cause an increase in set-point 
temperature by an unknown mechanism acting upon the 
temperature-sensitive hypothalamic neurones.” The effect 
of anaesthesia and drugs on thermoregulation and its effector 
mechanisms is discussed later. 


Effector responses. 

The thermoregulatory responses are characterized by: (i) 
altered behaviour, quantitatively the most effective 
mechanism; (ii) a vasomotor response, consisting of vaso- 
constriction and piloerection in response to cold, and 


vasodilation and sweating in response to heat; and (i1) 
shivering and increased metabolic rate. 

In the conscious individual, behaviour modification is 
more powerful than the autonomic mechanisms of 
regulating body temperature. When the hypothalamic ther- 
mostat indicates an excessively cool body temperature, 
impulses pass from the hypothalamus to the cerebral cortex 
to give the individual the sensation of feeling cold. The 
result is modified behaviour, such as increased motor 
activity, moving to warmer surroundings or adding addi- 
tional clothing. The control of behavioural responses to 
cold is based largely on cutaneous thermal signals (see 
above).!42 

While the precision of the autonomic control of 
thermoregulation is very high, the power of these mechan- 
isms is limited to less than the equivalent of four basal 
metabolic rates on either side of the tightly-controlled set- 
point. Once the set-point temperature range, typically 
36.7-37.1°C, has been breached, autonomic effector 
responses are activated. Each of the specific responses has 
a characteristic threshold (activation at a specific tempera- 
ture), gain (rate of response increase as deviation from 
normal increases) and maximum response intensity. 

Benzinger demonstrated that the response to a central 
cold challenge (e.g. by asking volunteers to consume 500 g 
ice in a cool environment, 12°C) consisted of a dramatic 
increase in metabolic rate, which was detected by an 
increase in oxygen consumption. Moreover, when a subject 
with a low core temperature (36.1°C) was passively 
lowered into a 28°C bath, in order to provide a skin cold 
challenge, metabolic rate also increased ~ 3-fold.” In order 
to understand the interaction of central warm reception and 
peripheral cold reception, large, independent variations of 
skin temperatures from 12 to 38°C and tympanic core 
temperatures from 36 to 38°C were studied in terms of 
oxygen consumption and sweating rates. The subjects were 
healthy, naked young men. The values were then plotted 
on a graph of core temperature versus oxygen consumption 
(Figs 3 and 4). At first, there seemed no logical interpreta- 
tion, but when skin isotherms were drawn, graphing core 
temperature versus oxygen consumption at a given skin 
temperature, the thermoregulatory response to cold was 
clarified. In Fig. 3, as the core temperature increases from 
cold levels (36.6°C) towards the set-point (in this subject, 
37.1°C), oxygen consumption and metabolic endogenous 
heat production decrease at all skin temperatures, but at cold 
skin temperatures (e.g. 20°C), metabolic heat production 
continues until the core temperature is warmer than would 
have been the case if the skin temperature had been 30°C. 
Once the set-point core temperature is reached, basal 
metabolic heat production applies, assuming the subject 
remains at rest. The right-hand portion of Fig. 3 also 
indicates that as the core temperature increases above the 
set-point, heat loss mechanisms are strongly activated, as 
seen in the increased rate of heat loss from evaporation of 
sweat.’ Conversely, the effect of increasing skin temperature 


617 


Buggy and Crossley 


$ 3 


: a 


e 
+ 
. 


28° 


Heat production (cal s71) ——» 
—; 8+ 


(0) 
_ 
o 


36.8 





370 


Evaporation heat loss (cal s~!) ——» 


372 37.4 37.6 


Tympanic temperature (°C) ——> 


Fig 3 Effect of core temperature on metabolic heat production at different skin temperature isotherms Note that when skin temperature is relatively 
cold (20°C), metabolic heat production remains high until the core temperature is >37°C. Cata derived from healthy human volunteers Reproduced, 


with permission, from Ref. 7. 


on metabolic heat production at different core temperature 
isotherms is shown in Fig. 4. 


Shivering and non-shivering thermogenesis 

A motor centre for shivering exists adjacent to the centre 
in the posterior hypothalamus on which the impulses 
from cold receptors impinge. It is normally inhibited by 
impulses from the preoptic heat-sensitive area in the anterior 
hypothalamus, but when the cold impulses exceed the rate 
at which the former may be received, this motor centre for 
shivering becomes activated by ‘spill-over’ of signals and 
sends impulses bilaterally into the anterior motor neurones 
of the spinal cord. Initially, this increases the tone of skeletal 
muscles throughout the body, but when this muscle tone 
rises above a certain level shivering is observed. This is 
achieved by increasing the sensitivity of the skeletal muscle 
stretch reflex.*8 °° 53 Two patterns of muscular activity, seen 
in electromyography studies, contribute to the phenomenon 
of post-anaesthetic shivering in humans, and are discussed 
below.!2° While post-anaesthetic shivering may aggravate 
hypoxaemia,* recent work ın a rabbit model has suggested 
that mild hypoxaemia may actually inhibit shivering, by 
reducing the shivering threshold by more than 1°C.% 


The elicitation of non-shivering thermogenesis by 
thermoregulatory noradrenaline release is an important 
effector mechanism in increasing heat production particularly 
in neonates.” These hormonal mechanisms are particularly 
important in long-term adaptation to cold. Non-shivering 
thermogenesis occurs mainly in brown adipose tissue (BAT). 
This subtype of adipose tissue contains large numbers of 
mitochondria in its cells and these are supplied by a strong 
sympathetic nervous system (SNS) innervation. When sym- 
pathetic stimulation occurs, oxidative metabolism of the 
mitochondria is stimulated but is uncoupled to phosphoryla- 
tion, so that heat is produced instead of generating the meta- 
bolic fuel, adenosine triphosphate (ATP). In human adults, 
the amount of BAT is small and non-shivering thermogenesis 
increases the rate of heat production by less than 10-15%, in 
contrast to infants, where it can double heat production.?? 
The sympathetic response to mild intraoperative hypothermia 
and non-shivering thermogenesis are abolished by fentanyl- 
propofol anaesthesia in infants.!°! An audit of post-anaes- 
thetic shivering in a dedicated paediatric hospital found an 
overall incidence of shivering of 14% with older age (>6 yr), 
administration of atropine and intraoperative hypothermia 
being significantly predictive of shivering.®8 
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Fig 4 Eifect of skin temperature on metabolic heat production at different core temperature isotherms. Note that when the core temperature 1s relatively 
cold (36.3°C), metabolic heat production remains high until the skin temperature is >32°C Data denved from healthy human volunteers Reproduced, 


with permission, from Ref 7. 


Heat balance 


Heat 1s a form of energy and temperature is a measure of 
the amount of heat in a body. Heat balance refers to the 
total amount of heat in the body, and 1s increased by 
metabolic heat production and reduced by evaporation of 
sweat. Radiation, conduction and convection may increase 
or decrease the body heat content, depending on environ- 
mental circumstances. For example, if ambient temperature 
is greater than body temperature, radiation will increase 
body heat content, while the reverse will occur when 
ambient temperature is less than body temperature.*® Heat 
gain processes may be obligatory, that is they occur without 
reference to thermoregulation; or facultative, that is they 
can be manipulated by thermoregulatory mechanisms to 
restore heat balance. Obligatory heat gain necessarily 
includes basal metabolic rate (BMR). This is the energy 
cost of maintaining normal homeostasis within the body 
and is approximately 40 kcal m? hv!.°? It is increased in 
childhood, in the presence of sympathetic nervous system 
stimulation by fever, and by hormones such as thyroxine, 
androgen and growth hormone. It declines with age and is 
reduced during sleep and malnutrition. Facultative heat gain 
includes: physical exercise, which if strenuous can increase 
heat production to 20 times BMR; shivering, which can 


increase it sixfold above BMR;? and non-shivering 
thermogenesis, which is particularly important in the neo- 
nate, but not in adults.*? Digestion of foods, especially 
proteins, also has a thermogenic effect.!!0-1!2 

Heat loss at rest is predominantly (75%) by conduction, 
convection and radiation, with convection being the most 
important. Convective heat loss occurs when the layer of 
air next to the skin moves or is disturbed, thereby removing 
its insulative properties. Radiative heat loss is proportional 
to the fourth power of the temperature difference between 
the patient and the ambient environment.!!3 The remaining 
25% of heat loss at rest is evaporation of insensible water, 
principally evaporation from the respiratory tract. Sweating 
involves the active secretion of water on the skin, and 
because the specific latent heat of vaporization of water is 
0.58 Cal g™, its evaporation can dissipate large amounts of 
heat, up to 20 times BMR.* 

Inadvertent hypothermia is by far the most common 
perioperative thermal abnormality seen, and it results from 
exposure to a cold environment in a context of impaired 
thermoregulatory mechanisms.” Patients whose normal 
core temperature is 37°C are anaesthetized and their skin 
exposed in an operating theatre with an ambient temperature 
of 20-25°C. The cooling that results ıs aggravated by the 
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use of cold antiseptic solutions which are allowed to 
evaporate from the skin, or by cool fluids instilled into 
body cavities and by cool intravenous infusions which 
increase conductive losses. Air turnover rates in theatre 
(typically 20 cm s7!) will influence convective heat loss.1!3 

Measurement of body heat content cannot be achieved 
directly. However, it may be derived from the product of 
mean body temperature, body mass and the specific heat 
of the body. An estimate of mean body temperature (Thoday) 
may be obtained from this equation, derived from 
calorimetric studies: 


Thody = 0.66 Fow + 0.34 Trans 


where Troe = core body temperature and Ty, = mean skin 
temperature.” The accuracy of this equation relies in turn 
on the adequacy of mean skin temperature measurement. 
Different areas of skin may be given a different weighting 
depending on the amount of body surface area it 
represents. When a high degree of accuracy is required, 
the mean skin temperature may be estimated using 10 or 
more skin measurement sites.!23 However, Ramanathan 
suggested that four skin measurement sites provide adequate 
accuracy in this calculation without the inconvenience of 
using a larger number of sites, and this approach has been 
used successfully ın a clinical setting.” !©’ It has been shown 
that the choice of site for core temperature measurement and 
the weighting coefficients used in calculating mean body 
temperature are more important sources of error than is the 
calculation of mean skin temperature. 1% 

Core temperature can reliably be evaluated at the 
tympanic membrane, distal oesophagus and pulmonary 
artery. Intraoperative thermal monitoring may be achieved 
with infrared thermometry of the tympanum or by 
thermistors placed in the distal oesophagus. Core tempera- 
ture may also be estimated with nasopharyngeal, axillary, 
rectal and bladder temperatures, although rectal temperature 
lags behind other core sites. Skin surface temperature 
varies with ambient temperature and with induction of 
anaesthesia, and is usually also measured with a thermistor, 
or alternatively with a liquid crystal thermometer.” 13 
Measurement of temperature at the skin surface has been 
used to estimate the core temperature, by heating the sensor 
to eliminate the core-surface temperature gradient. Deep 
tissue temperature monitoring in this way at the sternum and 
forehead correlate well with distal oesophageal temperature 
(r? = 0.7, mean difference from oesophageal tempera- 
ture = 0.2°C).* 

Hypothermia during general anaesthesia follows a 
distinctive pattern and occurs in three phases: an initial 
rapid decrease in core temperature of ~1°C over the first 
hour, followed by a slower linear decrease io 34—35°C, 
after which point a core temperature plateau or thermal 
equilibrium is reached, where heat loss to the periphery 
equals heat gained from core metabolic production.!!3 The 
initial rapid reduction ın core temperature is greater than 
that which would be explained by a lowering of metabolic 


rate and heat loss, and is in fact attributable to core-to- 
peripheral redistribution of body heat.** % Mean body 
temperature and body heat content remain constant during 
this first hour. !!6 119 The subsequent core temperature plateau 
is largely due to thermoregulatory vasoconstriction, trig- 
gered by a core temperature of 33~-35°C.° 17 


Effect of general anaesthesia on thermo- 
regulation 

Behavioural thermoregulation is redundant during general 
anaesthesia, and both general and regional anaesthesia 
obtund normal temperature control mechanisms. The 
anaesthetist must thus manage the patient’s thermo- 
regulatory control. General anaesthesia causes thermo- 
regulatory impairment characterized by an increase in 
warm-response thresholds and a decrease in cold-response 
thresholds, such that the normal interthreshold range 
(between which no effector response occurs) is increased 
from ~0.4°C to 4.0°C.!5 Both warm-response and cold- 
response thresholds are affected (Fig. 2). These values have 
been derived from human volunteer studies, using tympanic 
thermometry, with ambient temperature usually around 
25°C. 

All general anaesthetic agents impair thermoregulatory 
responses to a similar, but not identical, extent. All the 
currently used potent inhalation anaesthetic agents 
decrease the vasoconstriction and shivering thresholds 
(Table 1).4! 6275 78 98 116 Yeofturane produces a dose-depend- 
ent decrease in the threshold for thermoregulatory vasocon- 
striction, ~3°C per 1% isoflurane concentration. 13? 
Isoflurane also reduces the shivering threshold and changes 
the pattern of shivering to include a more clonic type of 
muscular activity. The latter involves a change from a linear 
increase in shivering intensity to bouts of intense, clonic 
shivering followed by quiescent periods.®* In addition, 
isoflurane reduces maximum shivering intensity, but gain 
is generally preserved during general anaesthesia.!2? Des- 
flurane, however, decreases both the threshold and gain of 
vasoconstriction, the latter threefold from 2.4 to 0.8 ml 
min per °C.8? Sevoflurane has been shown to produce a 
dose-dependent reduction in shivering threshold in rabbits.‘ 
Similarly, the thresholds of the warm-responses, sweating 
and vasodilatation are increased by inhalation anaesthesia. 138 
Thus the effects of anaesthesia on thermo- 
regulatory responses differ from its effects on the carbon 
dioxide response curve, which displays both increased 
threshold and decreased gain.!'!3 During general anaesthesia 
the thermoregulatory thresholds are lowered further in 
elderly patients (60-80 yr) than in younger patients, by as 
much 1°C,79 

Recently, a study comparing induction of anaesthesia 
with either sevoflurane or propofol found greater core 
hypothermia im patients receiving propofol, even though 
they were subsequently ventilated on sevoflurane and 
nitrous oxide. These data suggest that even a brief period 
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Table 1 Characteristics of the cold effector responses in controls and during anaesthesia. All of these studies were on human subjects. N/A indicates data not 
clearly available. “Gain was calculated from laser Doppler fluorimetry; other data on thermoregulatory gain was calculated from oxygen consumption 


Threshold (°C) Gain (ml Oz min“! °C) Max response intensity (ml O, min“! °C!) 
Normal vasoconstriction 36.840 478 2.482 N/A 
36 640.24! 
Vasoconstriction under GA 35 6+0 378 oga 82 N/A 
34 640.4116 
Vasoconstnction with epidural 36.2+0.441 N/A N/A 
36.5+0.2% 
Control shivenng 35 740.4% —580+18675 60748275 
36.7%0.675 706+ 144% 
Shivering with GA 34 20.8% —1480+750% 490+ 80 
Vasoconstriction with spinal 36.7+0 3% N/A N/A 
Shivering with spinal 35.540 5% N/A N/A 
Shivering with epidural 35.440 5% —215+15475 412+5075 
36.340.575 


of propofol-induced vasodilation causes significant re- 
distribution hypothermia. Intramuscular midazolam 
0.075 mg kg produced a dose-dependent reduction in 
tonic thermoregulatory vasoconstriction, significantly 
reducing core temperatures, even in the absence of con- 
ventional anaesthesia.?! 

The effect of general and regional anaesthesia on effector 
responses is summarized in Table 1. 


Effect of regional anaesthesia on thermo- 
regulation 

Epidural and spinal anaesthesia decrease the vaso- 
constriction and shivering thresholds to a comparable 
degree,” but by a lesser amount, of ~0.6°C, than general 
anaesthetics when measured above the upper level of the 
block.®! 78 118 Because local anaesthetics administered to 
the central neuraxis do not directly interact with the hypo- 
thalamic control centres and local anaesthetics given intra- 
venously in doses equivalent to plasma levels after 
epidural anaesthesia have no thermoregulatory effect,*” the 
mechanism of this disturbance during regional anaesthesia 
is unknown, but is consistent with thermoregulatory impair- 
ment caused by the effects of the regional block upon 
afferent thermal information.*! 

In contrast to general anaesthesia, where the gain of 
thermoregulatory responses is unchanged, the gain of 
shivering is reduced by 63% and the maximum intensity 
by 33% following epidural anaesthesia (Table 1). This 
occurs because shivering above the block compensates for 
the inability of muscles below the block to engage in 
shivering.” As with general anaesthesia, core hypothermia 
(by 0.6-1.5°C) occurs during the first hour or so after 
epidural anaesthesia, due to core-to-peripheral redistribution 
of body heat from the epidural-induced vasodilation. How- 
ever, with prolonged epidural anaesthesia, the degree of 
core hypothermia was less than after general anaesthesia, 
because of vasoconstriction above the level of the block.” 

Shivering during regional anaesthesia is, like that after 
general anaesthesia, preceded by core hypothermia and 
vasoconstriction above the level of the block, and in 


addition, has the same electromyography charactenstics as 
that which occurs after general anaesthesia.®! With reduced 
gain and maximum intensity, the shivering which is induced 
by core hypothermia after regional anaesthesia is usually 
ineffective in preventing core hypothermia, although it has 
been reported that after treatment of shivering the core 
temperature may fall further.!2? 

Whether shivering seen during epidural analgesia in 
labour is due to the temperature of the injectate is unclear. 
Injection of ice-cold epidural local anaesthetic increases 
shivering compared with epidural solutions that are pre- 
warmed to 30°C.' This result was not repeated in non- 
pregnant patients, however, where no difference in the 
incidence of shivering was observed between those given 
warm or cold epidural injections.! Shivering during a 
regional anaesthetic may be averted by maintaining high 
ambient temperature,! by skin-surface warming with 
radiant heat,!*4 or by using the same drugs that are effective 
for shivering after general anaesthesia (see below). 

Interestingly, core hypothermia during regional 
anaesthesia may not trigger a sensation of cold.*! This 
may reflect the fact that subjective cold perception depends 
on skin temperature afferent input, and that the cutaneous 
vasodilatation resulting from regional anaesthesia 
increases skin temperature, leading to a sensation of 
warmth although accompanied by thermoregulatory 
shivering.!!8 Awareness of core hypothermia is also 
impaired by epidural anaesthesia.*! 

After the core-to-peripheral redistribution of body heat 
with induction of general and regional anaesthesia, sub- 
sequent further hypothermia depends on the balance of 
cutaneous heat loss and rate of heat metabolic heat produc- 
tion.!! During regional epidural anaesthesia, there are two 
factors which may accelerate heat loss and prevent the 
emergence of a core temperature plateau seen after general 
anaesthesia: firstly, there is reduced vasoconstriction thresh- 
old in conjunction with lower limb vasodilation due to the 
block itself. Hence heat loss continues unabated during 
epidural anaesthesia despite the activation of the effector 
mechanisms above the level of the block. This is especially 
seen where general and epidural anaesthesia are combined.”? 
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Secondly, epidural anaesthesia further reduces the vasocon- 
striction threshold during general anaesthesia and increases 
the rate of core cooling compared with general anaesthesia 
alone, because vasoconstriction in the quantitatively import- 
ant leg compartment is inhibited by the block.” 


Consequences of mild perioperative hypothermia 

In particular circumstances, hypothermia may have a 
protective effect in terms of reducing basal metabolic rate 
and with it the risk of tissue hypoxia and ischaemia. The 
efficacy of mild hypothermia in reducing the cerebral 
metabolic requirement for oxygen exceeds that of 
barbiturate coma!33 1% and hence may be indicated in carotid 
arterial surgery or neurosurgery. Moderate hypothermia is 
routine practice in many cardiac surgery centres using 
cardiopulmonary bypass, to minimize the risk of myocardial 
and cerebral ischaemia. It is generally agreed however that 
the deleterious consequences of mild hypothermia outweigh 
the potential benefits, with evidence emerging that hypo- 
thermia per se is responsible for adverse postoperative 
outcomes. Hypothermia is associated with shivering and 
excessive sympathetic nervous system stimulation;* 
metabolic acidosis causing prolonged drug metabolism, 
particularly of neuromuscular antagonists and propofol;~? 
85 95 and delayed recovery from anaesthesia. Platelet 
activity is impaired,'*> and there is prolongation of the 
coagulation time and decreased clot formation rate.*7 7 
Impaired immune function and delayed wound healing have 
been demonstrated,!?’ 136 and hypothermia is associated 
with both increased breakdown and decreased synthesis of 
muscle protein.?! 22 24 Perioperative thermal discomfort is 
often remembered by patients as the worst aspect of their 
perioperative experience, !?° 

The hypothesis that perioperative normothermia increases 
susceptibility to surgical wound infection and lengthens 
hospitalization was tested in a prospective, randomized 
trial.8° Two hundred patients undergoing colorectal surgery 
were randomly assigned to a routine intraoperative thermal 
care group (hypothermia group) and an additional warming 
group (normothermia group). Wounds were evaluated daily 
until discharge and they were deemed infected if culture- 
positive pus was isolated. Nineteen percent (19%) of the 
hypothermia group compared with 6% of the normothermia 
patients developed wound infections (P<0.001). The dura- 
tion of the hospital stay was also prolonged in the hypo- 
thermia group to 13.5+4.5 vs 11.8+4.1 days (P=0.01). 
In the hypothermic group, hypothermia persisted for 4 h 
postoperatively, and their end-of-surgery core temperatures 
were 34.7°C compared with 36.6°C in those actively 
warmed. The initial 3-4 h after bacterial contamination 
are thought to be crucial in determining whether clinical 
infection ensues.”/ 

In vitro studies suggest that platelet and coagulation 
function are impaired by hypothermua.*” 7 136 The hypo- 
thesis that hypothermia may affect surgical bleeding and 
allogeneic transfusion requirements was also tested in a 


prospective, randomized trial.! Sixty patients undergomg 
total hip arthroplasty were randomized to normothermia 
(final core temperature 36.6°C) or mild hypothermia 
(35.0°C), as described above.®° Hypothermic patients lost 
2.2(0.5) compared with 1.7(0.3) litres of blood (mean(sp), 
P<0.001). Significantly more blood transfusions were 
required in the hypothermic group. 

A number of studies have suggested that mild hypo- 
thermia increases cardiac ischaemia and perioperative 
mortality. A retrospective study showed that the incidence 
of myocardial ischaemia postoperatively in a group of 
patients undergoing vascular surgery was raised from 13% 
to 36% if the patients had a sublingual temperature less 
than 35°C at the end of the procedure.** A prospective, 
randomized controlled trial comparing over 300 patients 
with coronary artery disease who either had routine care 
(and hence were allowed to develop mild hypothermia) or 
were actively maintained at normothermia during mayor, 
non-cardiac surgery found that maintenance of normo- 
thermia was associated with a reduced incidence of angina, 
myocardial infarction, ventricular tachycardia and cardiac 
arrest than the mildly hypothermic group. 

The thermoregulatory response thresholds are lowered 
during general anaesthesia by 1°C more in elderly patients 
(60-80 yr) than in younger patients,”? making them more 
vulnerable to the occurrence of hypothermia. Prevention of 
hypothermia in this age group reduces negative nitrogen 
balance associated with increased protein breakdown or 
decreased protein synthesis.?! 22 


Physical, active and passive strategies for avoiding 
perioperative hypothermia 

Preventing redistribution-induced hypothermia may be 
achieved by skin-surface warming. Redistribution of heat 
occurs when anaesthetic-induced vasodilatation allows heat 
to flow from the core to the shell down its concentration 
gradient, effectively abolishing the shell. Pre-emptive skin 
surface warming, for example by using a forced air-warming 
device, does not increase core temperature but increases 
body heat content, particularly in the legs, and removes the 
gradient for heat loss via the skin.*8 This approach is rarely 
used in clinical practice, however, because it requires 1 h 
of prewarming. A shorter, more aggressive period of warm- 
ing may result in counterproductive sweating and dis- 
comfort. !?! 

Passive insulation, including cotton drapes, has been used 
perioperatively to reduce heat loss to the environment,!!® 
the surface area covered with passive insulation being the 
important determinant of its effectiveness.!!7 However, 
warming these passive insulators or adding more layers 
does not improve heat conservation significantly, and passive 
warming systems are not likely to be effective in longer, 
more extensive operations.'? However, a comparison of 
two passive warming systems during major hepatopancreatic 
surgery, one with heat reflective properties, unexpectedly 
found that both core and skin temperature increased in 40% 
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of patients in each group. This phenomenon may have been 
due to endogenous heat stimulation by this particular form 
of surgery.” A further study, comparing the efficacy of 
passive with active skin surface warming, was undertaken 
in patients undergoing hip arthroplasty. The forced air- 
warming system was most effective at maintaining normo- 
thermia, in comparison with aluminized foil. The latter 
reduced skin heat loss only, but was unable to prevent the 
core hypothermia that resulted from core-to-peripheral heat 
redistribution. Nonetheless, aluminized metallic foil has 
been shown to increase skin temperature and decrease post- 
anaesthetic shivering, even after relatively short general 
anaesthetics,!’ but not during epidural analgesia for labour.!5 

Because only 10% of metabolic heat production is lost 
in heacing and humidifying inspired gases, this method is 
relatively ineffective at maintaining normothermia.°? Heat- 
and moisture-exchanging filters retain significant amounts 
of moisture and heat within the respiratory system, but are 
only half as effective as active mechanisms (and only half 
as exp2nsive).? Ambient temperature determines the rate of 
heat loss by radiation and convection, and should be >23°C 
to optimally contribute to maintaining normothermia. How- 
ever, cperating room staff usually find these temperatures 
uncomfortable. Water mattresses are demonstrably 
ineffective at preventing heat loss, possibly because rela- 
tively little heat is lost from the back.” Moreover, decreased 
local tissue perfusion associated with local temperatures of 
40°C may lead to skin necrosis.” Conductive losses may 
be reduced if intravenous fluids are warmed before or 
during administration. !?8 

Forced air-warming systems are undoubtedly the best 
way tc maintain normothermia during long procedures, and 
are particularly effective when used intraoperatively on 
vasodilated patients, thereby allowing the heat applied to 
be rapidly transferred to the core. They increase core 
temperature both intraoperatively and postoperatively, 
reducing the incidence of post-anaesthetic shivering and 
thermzl discomfort.6 45 77 

A novel approach to maintaining perioperative normo- 
thermia has recently been proposed, based on the principle 
of prevention. An intravenous infusion of an amino acid 
mixture commenced before and continued during anaesthe- 
sia was found to stimulate metabolic heat production five- 
fold, compared with the thermogenic effect of amino acids 
observed in the unanaesthetized state. This thermogenesis 
was associated with an increased body temperature! which 
originated predominantly from the extra-splanchnic circula- 
tion.!!2, However, the increased temperature was achieved 
not only by increased non-shivering thermogenesis, but also 
by vasoconstriction, reducing cutaneous heat loss.!!9!!! The 
mechanism for this enhanced thermogenic potential during 
general anaesthesia is as yet unclear. One hypothesis is that 
in the unanaesthetized subject, there is central inhibition of 
oxidative metabolism in response to nutrients when the 
core temperature exceeds the set-point temperature. General 
anaesthesia may suppress this inhibitory effect, thereby 


indirectly allowing a thermogenic effect when an amino 
acid load is presented to the body.!!! 112 This hypothesis is 
supported by the observation that the thermogenic effect of 
orally ingested amino acids increases in tetraplegic patients, 
whose neural connection between the central thermosensors 
and the periphery are severed.’ Nonetheless, the combination 
of increased systemic vascular resistance coupled with the 
increased myocardial demand from the amino acid-induced 
thermogenesis may be potentially hazardous in patients at 
high risk of myocardial ischaemia. The role of such amino 
acid infusions in these higher-risk patients remains to be 
established.” 


Post-anaesthetic shivering 


Post-anaesthetic shivering is a common complication of 
modern anaesthesia, affecting 5-65% of patients after 
general anaesthesia and 33% of patients during epidural 
regional anaesthesia.°° It is usually defined as readily 
detectable fasciculation or tremor of the face, jaw, head, 
trunk or extremities lasting longer than 15 s.!°9 Apart from 
the obvious discomfort, post-anaesthetic shivering, like 
hypothermia, is associated with a number of potentially 
deleterious sequelae. These include increased oxygen con- 
sumption and carbon dioxide production, 7! catecholamine 
release,” increased cardiac output, tachycardia and hyper- 
tension,* 1° and raised intraocular pressure. Shivering 
may also decrease mixed venous oxygen saturation,” as 
well as interfering with monitoring.” 

Post-anaesthetic shivering is often preceded by core hypo- 
thermia and vasoconstriction,!!9 but not necessarily so.” * 
56 137 Close observation of post-anaesthetic shivering, later 
aided by electromyographic studies, revealed that it 1s 
composed of two distinct patterns of muscular activity: a 
tonic pattern with 4-8 cycles min™!, resembling thermo- 
regulatory shivering and a clonic pattem, 5-7 Hz, con- 
sistent with uninhibited spinal reflexes.’ 119 19 An audit 
of over 2500 postoperative patients indicated that male 
gender, anticholinergic premedication, mode of ventilatory 
support and induction agents were risk factors for post- 
anaesthetic shivering, whilst the intraoperative use of pethid- 
ine virtually abolished shivering.*! The use of propofol 
reduces the incidence of post-anaesthetic shivering as 
compared to thiopental.!2° Premedication with the muscar- 
inic antagonists, atropine or glycopyrrolate, predisposes to 
post-anaesthetic shivering. If one accepts that glycopyrrolate 
penetrates the blood-brain barrier to a lesser degree than 
atropine, the efficacy of glycopyrrolate would point to a 
peripheral mechanism of action, possibly by peripheral 
vasodilation and increased heat loss prior to the induction 
of anaesthesia. 


Treatment of post-anaesthetic shivering 

Post-anaesthetic shivering should not be treated in isolation 
from perioperative hypothermia. Not all patients who shiver 
are hypothermic, but many are, and successful treatment of 
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shivering in this group without concomitant treatment of 
the hypothermia may result in deepening hypothermia. 17 
A number of the physical methods of treating hypothermia 
have been shown to reduce the incidence of shivering, in 
particular forced-air patient warming systems,” and radiant 
heaters.* 124 Radiant heaters work without increasing core 
temperature, perhaps by increasing the afferent warm input 
from the skin of the head and thorax. The mainstay of 
treatment of postoperative shivering is, however, pharmaco- 
logical. 

A wide range of drugs, including pethidine, other opioids 
(fentanyl, alfentanil, sufentanil, buprenorphine), doxapram, 
methylphenidate, clonidine and ketanserin, have all been 
reported to be effective in suppressing established 
shivering, and it would be surprising if all worked on a 
single part of the thermoregulatory mechanism. Pethidine, in 
particular, is remarkably effective in treating postoperative 
shivering,” % 57 83 87 89 99 140 141 95 mg being sufficient when 
given intravenously to stop shivering in the majority of 
adults. When given in the presence of high-dose naloxone, 
which antagonizes both u and x opioid receptors, pethidine 
failed to reduce shivering or oxygen consumption, in 
contrast to its use in combination with low-dose naloxone,®? 
suggesting that pethidine exerts its thermoregulatory effects 
via « receptors. Pethidine and alfentanil, while reducing 
the shivering threshold, have been shown not to reduce the 
gain or maximum intensity of shivering, suggesting that 
pethidine’s efficacy is due to the reduction in the shivering 
threshold. However, alfentanil, which also decreases the 
shivering threshold,” is less effective than pethidine in 
treating post-anaesthetic shivering.8? 140 

As stated above, Solliman and Gillies’? suggested that 
post-anaesthetic shivering may be due to differential 
recovery of the brain and spinal cord from anaesthesia, the 
latter recovering first, resulting in uninhibited spinal clonic 
tremor, perceived as shivering. Consistent with this hypo- 
thesis, doxapram, a cerebral stimulant commonly used as a 
respiratory stimulant, has also been shown to be effective 
against shivering, though not as effective as pethidine. !2 !4! 

Various drugs whose role is less easy to explain are 
also effective. Physostigmine, the anticholinesterase agent 
used for reversal of neuromuscular blockade, has been 
shown to be effective in preventing the onset of post- 
anaesthetic shivering.*’ This may explain in part why 
patients who undergo intermittent positive pressure 
ventilation during anaesthesia shiver less than those who 
breathe spontaneously,*! and may imply that cholinergic 
pathways are involved in the thermoregulatory mechanisms 
that lead to shivering. Clonidine reduces the thresholds for 
both shivering and vasoconstriction; is effective in treating 
established post-anaesthetic shivering;*> 72 has been shown 
to be effective in suppressing shivering after extradural 
analgesia in parturients;?? and given at induction of 
anaesthesia, will also prevent post-anaesthetic shivering 
without influencing core and peripheral temperature distri- 
bution.!© The serotonergic antagonist ketanserin reduces 


established post-anaesthetic shivering,” and ondansetron at 
induction has recently been shown to prevent it, suggesting 
a role for serotonergic pathways in thermoregulatory 
control. 105 


Conclusions 


Mild perioperative hypothermia is an extremely common 
but not trivial consequence of induction of anaesthesia, 
both general and regional. It results from impairment of the 
physiological set-point, such that the threshold for activation 
of thermoregulatory effector mechanisms (vasoconstriction 
and shivering) is reduced to much colder temperatures than 
would be tolerated in the conscious state. Although regional 
anaesthesia reduces these thresholds to a lesser extent than 
general anaesthesia, it more commonly reduces the gain and 
maximum intensity of the effector responses. Vasodilation 
induced by anaesthetic agents results in a core-to-peripheral 
redistribution of body heat, with initial, rapid core hypo- 
thermia, followed by a gradual, more linear further decrease 
in core temperature as heat is lost from the skin, maintaining 
the core-to-peripheral temperature gradient. When the skin 
vasoconstriction mechanism finally is activated, skin heat 
loss decreases and a steady-state situation arises where heat 
loss is balanced by ongoing metabolic heat production, 
reduced by only 20% during anaesthesia. Combined gen- 
eral—-epidural anaesthesia is a particular risk factor for core 
hypothermia, as lower limb vasoconstriction, quantitatively 
the largest part of the peripheral thermal buffer, cannot 
occur due to the effects of the regional block. On emergence 
from anaesthesia, normal thresholds are restored, hence 
hypothermic patients may shiver, which causes a consider- 
able metabolic challenge. The neurotransmitter pathways 
involved in the control of shivering are complex and involve 
a number of systems, evidenced by the variety of therapeutic 
agents that are effective in suppressing it. 

The effects of perioperative hypothermia are almost 
exclusively undesirable. Prevention of perioperative hypo- 
thermia and post-anaesthetic shivering, which should be 
considered and managed as two components of the same 
syndrome, demonstrably improves the outcome in terms of 
reduced cardiac morbidity and blood loss, improved wound 
healing and shorter hospital stay. The known effects of 
hypothermia on drug metabolism and coagulation are also 
obviated and studies are indicated to establish the role of 
perioperative thermoregulation on postoperative myocardial 
ischaemia. Core temperature monitoring, accompanied by 
passive and active methods to maintain normothermia, 
should be part of routine intraoperative monitoring. This is 
especially so for patients at high risk of perioperative 
hypothermia, particularly patients undergoing body-cavity 
surgery, surgery greater than 1 h duration, children, the 
elderly and cases where combined general—epidural anaes- 
thesia is being conducted. Wider awareness of the benefits 
of maintaining normothermia perioperatively has the 
potential to improve the quality of patient care and shorten 
hospital stay. 
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Cerebral emboli detected by transcranial Doppler imaging were recorded in 20 patients 
undergoing multiple-vessel coronary artery bypass surgery, either with or without cardiopulmon- 
ary bypass, in a prospective unblinded comparative study. Emboli were recorded continuously 
from the time of pericardial incision until 10 min after the last aortic Instrumentation. The 
numbers of coronary grafts and of aortic clampings were also documented. Patients undergoing 
revascularization with cardiopulmonary bypass had more emboli (median 79, range 38-876) 
per case compared with patients having off-pump surgery (median 3, range 0-18). No clinically 
detectable neurological deficits were seen in either group. Beating heart surgery is associated 
with fewer emboli than coronary surgery with cardiopulmonary bypass. Further research is 
necessary to determine whether a smaller number of emboli alters the incidence of neurological 


deficit after cardiac surgery. 
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Cerebral complications cause considerable morbidity after 
cardiac surgery, with an incidence of stroke between 1 and 
6% and of more subtle neuropsychological changes between 
20 and 40%.' Although many factors contribute to the 
neurological outcome, large numbers of emboli detected by 
transcranial Doppler (TCD) imaging during cardiac surgery 
with cardiopulmonary bypass (CPB) are known to be 
associated with more neurological deficits.? 3 Clarke and 
co-workers suggested that the number of cerebral emboli 
detected with TCD is a useful intermediate endpoint in 
evaluating new surgical techniques with respect to the 
neurological outcome.” Multiple-vessel off-pump coronary 
artery bypass grafting (OPCAB) on a beating heart is an 
increasingly common procedure. In this study we describe 
the frequency of right middle cerebral artery emboli detected 
by TCD in patients undergoing multiple vessel coronary 
artery bypass grafts (CABG) with or without CPB. 


Methods and results 


After we had obtained ethical approval and patient consent, 
we studied 20 patients undergoing CABG with or without 


CPB. Patients without a suitable acoustic bone window for 
TCD were not included 1n the study. The choice of operation 
was at the surgeon’s discretion. None of the patients had 
radiographic evidence of calcification of the proximal aorta. 
All patients received fentanyl 15-20 mg kg"! and an infusion 
of propofol 3 mg kg! h! The lungs were ventilated with 
an oxygen—air mixture to keep blood oxygen saturation 
Spo, above 94%. Arterial Paco, was maintained between 
35 and 40 mm Hg. Metaraminol boluses 0.5 mg were given 
1f blood pressure fell by more than 10% from baseline. 

After induction of anaesthesia, a 2-mHz bidirectional 
transcranial Doppler probe (Sci Med, Bnstol, UK) was 
positioned over the nght temple until an adequate signal 
was obtained from the proximal segment of the nght middle 
cerebral artery. The probe was kept in place by a purpose- 
built headband (Sci Med) maintaining the angle and depth 
of insonation. Flow velocity profiles were displayed continu- 
ously in real time. All patients were operated on through a 
median sternotomy. 

In patients undergoing conventional CABG with CPB. a 
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Table 1 Summary data for patient groups having CABG with CPB or without 
CPB (OPCAB) Data are mean (SD) unless otherwise stated 


CABG with CPB OPCAB 


n=10 n=10 

Age (range) (yr) 61 (47-69) 60 (48-70) 
Sex 10M 8M,2F 
Body mass index 27.61 (3 72) 27 34 (3.25) 
Lowest nasopharyngeal temperature 34.0 (0 56) 35 3 (0 69)" 

intraoperatively 
Parsonnet score 

0-5 9 6 

6-10 0 2 

>10 1 2 
Total no. grafts 29 27 
Total no. aortic cross-clamps 10 0 
Total no. parttal aortic clampings 12 13 
Time recorded (mun) 123 (14.3) 105 (24 3) 
Microembolus count (median and range) 79 (38-876) 3 (0-18)** 





*P<0 05; **P<0 001. 


transaortic cross-clamp was applied after establishment 
of CPB and intermittent warm-blood cardioplegia was 
administered into the aortic root. CPB was with non- 
pulsatile flow, a membrane oxygenator (Bard, Haverhill, 
MA, USA) and a 40-um in-line arterial filter (Bard). 
Alpha stat pH management was used during CPB, and 
nasopharyngeal temperature was maintained between 34 
and 37°C. The cross-clamp was removed on completion of 
distal anastomoses and an aortic side-biting clamp was 
applied in order to perform the proximal anastomoses. 
For the OPCAB patients, distal anastomoses were per- 
formed on the beating heart after the heart had been 
positioned and stabilized with a purpose-made retractor. 
After completion of each distal anastomosis, the heart was 
returned to its native position and an aortic side biting 
clamp applied to perform the proximal anastomosis. 
Embolic signals were identified with TCD by a well- 
recognized’ combination of a sudden change in the acoustic 
density of the signal, visible as an instantaneous bright 
signal on the visual display, and a characteristic high- 
frequency audible response similar to a chirping or whistling 
sound. Counts of emboli were recorded continuously by 
one of the investigators (MW) during the period from 
pericardial incision until 10 min after the last aortic 
manipulation. In the OPCAB group, this was after the last 
removal of the aortic side-biting clamp, whereas in the CPB 
group this was after removal of the aortic cannula. The 
number of aortic clampings in each group was recorded, as 
was the total time during which emboli were detected. 
Counts of emboli were compared using the Mann— 
Whitney U-test. Continuous data were analysed using 
Student’s t-test. A P value of <0.05 was considered 
statistically significant. 
None of the OPCAB procedures were converted to CABG 
with CPB. No clinical neurological deficits were detected 
in either group. The results are summarized in Table 1. 


Comment 


In this study, patients undergoing multiple-vessel OPCAB 
had markedly fewer cerebral emboli, detected intra- 
operatively by TCD of the right middle cerebral artery, than 
patients undergoing CABG with CPB. This has not been 
reported previously for patients requiring multiple-vessel 
revascularization, who could have received CABG with 
CPB, although BhaskerRao and co-workers have shown 
similar results in a group of patients considered unsuitable 
for CPB, who had predominantly single-vessel grafting 
through a left minithoracotomy with no proximal aortic 
clamping.’ 

The incidence of emboli detected by TCD is known to 
be related to aortic instrumentation.® Although partial aortic 
clamping to perform proximal anastomoses is usually 
required in both on- and off-bypass coronary surgery, only 
with on-bypass surgery are a transaortic cross-clamp and 
aortic and cardioplegia cannulae required. In the patients 
undergoing CABG with CPB, although noticeable increases 
in embolic signals occurred during aortic instrumentations, 
embolic signals also occurred throughout the bypass period. 
The total number of emboli detected was similar to the 
numbers reported in previous studies in which a membrane 
oxygenator and a 40-um in-line arterial filter were used.’ 
The few emboli in the OPCAB group occurred only on 
removal of aortic side-biting clamps. 

The study was unblinded and not randomized, and 
therefore the possibility of bias exists. However, all record- 
ings were made continuously by a single observer, and 
emboli detected by TCD have a characteristic quality that 
is easy to recognize and difficult to misinterpret. Considering 
the magnitude cf the difference in emboli counts, observer 
bias is unlikely to have affected the difference seen between 
the two groups. Secondly, although all patients could have 
received conventional CABG using CPB, patient selection 
for OPCAB is dictated by the anatomical position of the 
coronary lesions and surgical preference. It is possible, but 
unlikely, that this might have led to a difference in associated 
aortic atheroma between the two groups. The groups were 
likely to be similar, given the similar Parsonnet risk scores 
and the similar numbers of coronary grafts (Table 1), 
together with the absence of any calcification on pre- 
operative chest x-ray or angiography. We consider it unlikely 
that possible differences in atheroma could significantly 
affect the large difference in emboli counts seen. Also, 
factors affecting cerebral blood flow, such as core temper- 
ature (which was actually higher in the off-bypass group), 
would be unlikely to affect the embolus counts to the degree 
observed. 

We cannot conclude from this study that OPCAB surgery 
is associated with better neurological outcome. It is 
impossible using TCD to determine the nature of the emboli 
recorded. Gaseous emboli, for example, may pose less risk 
to the patient than solid atheroemboli dislodged during 
aortic manipulation. However, the finding that OPCAB 
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surgery is associated with so few cerebral emboli warrants 
further investigation into whether OPCAB surgery is 
associated with less neurological deficit than CABG with 
CPB. 
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Jugular venous desaturation, common during cardio- 
pulmonary bypass (CPB),! has been correlated with post- 
operative neuropsychiatric dysfunction.? Furthermore, the 
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We Investigated the effect of sevoflurane, isoflurane and propofol on jugular venous bulb oxygen 
saturation (Sjo,) in 2! patients undergoing coronary artery bypass graft surgery (CABG) duringand 
after normothermic cardiopulmonary bypass (CPB). Patients received a standardized anaesthetic 
consisting of fentanyl, midazolam and were then randomly allocated to receive elther Isoflurane, 
sevoflurane or propofol for maintenance. Sjo, values were significantly lower than baseline | h 
after CPB in the propofol but not the isoflurane or the sevoflurane groups. Furthermore, Sjo, 
values were significantly higher during CPB in the isoflurane group (P=0.0081) and significantly 
lower 6 h after CPB in the sevoflurane group (P=0.0447) when compared to the propofol group. 
We conclude that jugular venous desaturation during and after normothermic CPB Is more likely 
during propofol anaesthesia. 
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incidence of delayed jugular venous desaturation which was 
common early after hypothermic CPB was not attenuated 
by the supplemental propofol.4 5 The aim of this study was 
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to investigate the temporal relationship between CPB and 
jugular venous desaturation during isoflurane, sevoflurane 
and propofol anaesthesia. 


Methods and results 


After Local Research Ethics Committee approval and 
informed written consent were obtained, 21 patients under- 
going elective CABG were enrolled in the study. Patients 
were managed with a standardized normothermic CPB 
protocol and were allocated randomly to receive iso- 
flurane, sevoflurane or propofol for maintenance of general 
anaesthesia (each group n=7). Patients with a history of 
neurological or cerebrovascular disease were excluded. 

After premedication with morphine 15 mg and scopol- 
amine 0.3 mg, anaesthesia was induced with midazolam 
0.1 mg kg and fentanyl 15 ug kg™!, and maintained with 
0.5-1.0% isoflurane, 1.5-2% sevoflurane or propofol 3 mg 
kg h. Neuromuscular blockade was achieved with 
pancuronium 0.1 mg kg"! and the lungs were ventilated 
with an air/oxygen mixture, aiming for an arterial carbon 
dioxide tension (Paco,) of 35-40 mm Hg during mechanical 
respiratory support. Mean arterial pressure (MAP) was 
maintained above 50 mm Hg with volume loading and 
vasoactive agents (phenylephrine). In addition to the stand- 
ard monitors for cardiac anaesthesia, a right jugular bulb 
catheter (Vygon Leader Cath 14G; Vygon, Gloucs, UK) 
was sited and its position confirmed radiographically. Blood 
sampled from the catheter was analysed for oxygen satura- 
tion using bench Co-Oximetry (Rapid lab ™ 860, Chiron 
Diagnostics, US) after induction of anaesthesia (TO, base- 
line), 30 min after starting (T1) and immediately after 
weaning from CPB (T2), and then at 1, 6, 12 and 18 h 
after CPB (T3, T4, TS and T6 respectively). 

Standard normothermic (36-7°C) non-pulsatile bypass 
with membrane oxygenation was used with a-stat manage- 
ment of Paco,. Perfusion pressure was maintained between 
50 and 70 mm Hg by altering the concentration of the 
anaesthetic agent administered during CPB. Isoflurane 
(0.5—1.0%) or 1.5-2% sevoflurane were administered 
continuously through the bypass circuit and propofol 3 mg 
kg"! was administered continuously intravenously. Anaes- 
thetic agents were discontinued after the patients were 
haemodynamically stable on the intensive care unit (after 
T3). Postoperative sedation consisted of propofol 2 mg kg~ 
l in the propofol group and midazolam (2—4 mg boluses, 
with a cumulative dose ranging between 4 and 10 over the 
first 6 h after the surgery) in the volatile-anaesthetic groups. 

All values are expressed as mean and standard deviation. 
Jugular venous saturation (Sjo,) data were compared using 
analysis of variance (ANOVA) factorial or repeated meas- 
ures as appropriate. A P value of <0.05 was considered 
significant. When significance was found, post-hoc tests 
(Bonferoni/Dunn) with correction for multiple comparisons 
were applied. 

There were no significant differences between between 
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Time course 


Fig 1 Tıme course of jugular venous saturation (Sjo,) values during the 
entire study pernod TO= after induction of anaesthesia, T1=30 min after 
starting cardiopulmonary bypass (CPB), T2=i:mmediately after CPB; T3, 
T4. T5, T6=1, 6, 12, 18 after CPB, **P<0.05 compared the propofol 
group with the isoflurane and sevoflurane groups 


the groups in age, height, weight, total CPB or aortic clamp 
time. Sjo, values were significantly lower than baseline 1 h 
after CPB in the propofol but not the isoflurane or the 
sevoflurane groups. Furthermore, Sjo, values were signific- 
antly higher during CPB in the isoflurane group 
(P=0.0081) and significantly lower 6 h after CPB in 
the sevoflurane group (P=0.0447) when compared to the 
propofol group (Fig. 1). MAP was maintained >50 mm 
Hg in all patients without significant differences between 
the three anaesthetic subgroups at any stage of the study. 


Comment 


We have demonstrated a significant decrease in Sjo, values 
1 h after normothermic CPB during propofol but not 
isoflurane or sevoflurane anaesthesia for CPB surgery. 
Furthermore, Sjo, values are lower during propofol than 
isoflurane anaesthesia during CPB, and than sevoflurane 
anaesthesia 6 h after CPB. 

Jugular venous desaturation has been reported to occur 
during and after CPB.'-? While the most prominent reduc- 
tions in Sjo, occur during rewarming, such desaturation 
has also been reported early during the establishment of 
normothermic CPB.? Furthermore, a recent publication 
documented late jugular venous desaturation following 
hypothermic CPB.4 The last two studies suggest that 
rewarming from hypothermic CPB cannot be the only 
cause of jugular desaturation, and that imbalances between 
cerebral oxygen supply and demand can occur in other 
settings associated with CPB. Our data suggest the occur- 
rence of pathophysiological events in the first hour after 
CPB that are of a magnitude sufficient to disrupt normal 
flow-metabolism relationships. 

Previous attempts to attenuate the early desaturation after 
CPB by reducing oxygen demand have been unsuccessful. 
Souter and colleagues used burst suppression doses. of 
propofol as an adjunct in patients anaesthesized with 
isoflurane in an attempt to decrease cerebral oxygen 
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requirement during weaning from CPB, but found no 
benefit. Indeed their data show a trend for greater jugular 
desaturation in the group treated with propofol, which they 
attributed to an increased incidence of hypotension in this 
group. The reductions in Sjo, that we observed appear to 
be independent of changes in MAP, since there was no 
incidence of significant hypotension during the study period. 
Our data suggest that volatile anaesthesia can substantially 
attenuate jugular venous desaturation occurring during the 
entire study period when compared to patients receiving 
propofol anaesthesia. We do not have any data that provide 
an explanation for either the decrease in Sjo, or the 
difference that we have observed between the different 
anaesthetic/sedative regimens that were used in this study. 

A disadvantage of this study protocol is the absence 
of continuous jugular saturation monitoring. The use of 
fibreoptic catheters might have allowed us to provide a 
more complete picture of cerebral blood flow adequacy 
during the study period. However, we had technical diffi- 
culties with continuous fibreoptic Sjo, monitoring 
during CPB, and our decision not to use this form of 
monitoring is supported by a recent paper that demonstrates 
problems with its use in the setting of CPB.® 

While our continuing studies address both this issue and 
the mechanisms involved, our present results clearly show 
that the choice of anaesthetic agent may have important 


influences on cerebral oxygenation ın some periods 
following CPB and provide a basis for further studies. 
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The cardiac response to intravenous adenosine | 12 jig kg“! was studied in 16 patients scheduled 
for coronary artery bypass surgery before and during anaesthesia with 1% end-tidal isoflurane 
and fentanyl! 10 ug kg~!. Mean time from injection to onset of adenosine-induced PR prolongation 
was significantly greater during anaesthesia (12.8 (sD 5) vs 9.9 (3) s, P=0.032). Atrioventricular 
block (assessed by the total number of non-conducted P waves) was significantly less during 
anaesthesia (12 vs 27, P=0.016). We conclude that anaesthesla including 1% isoflurane and 
fentanyl 10 ug kg! delays the onset and reduces the magnitude of adenosine-induced 


atrioventricular block. 
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The therapeutic indication for intravenous adenosine is the 
conversion of paroxysmal supraventricular tachycardia. An 
intravenous dose of adenosine to awake subjects during 
sinus rhythm prolongs the PR interval, and can lead to 
complete atrioventricular block starting 10-20 s after injec- 


tion and lasting less than 10 s.! Sinus bradycardia is also 
seen and occurs with onset and duration similar to the 
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PR effect. These changes are followed by reflex sinus 
tachycardia. 

Adenosine is a recommended first-line treatment for 
paroxysmal tachycardia occurring during anaesthesia.* No 
controlled studies have been carned out to assess if current 
dosage recommendations are appropriate in anaesthetized 
patients. The aim of this study was to assess the effect of 
anaesthesia on the cardiac response to adenosine. 


Methods and results 


After Local Ethics Committee approval and informed wnt- 
ten consent had been obtained, 19 patients scheduled for 
elective coronary bypass surgery were recruited. Exclusion 
criteria comprised digoxin, theophylline or dipyridamole 
treatment, ECG conduction abnormalities, cardiac 
arrhythmia, left ventricular ejection fraction less than 50%, 
left main stem coronary disease and valvular heart disease 
requiring surgery. Anti-anginal medication was continued 
and patients were premedicated with intramuscular mor- 
phine 10 mg and metoclopramide 10 mg. Under local 
anaesthesia, cannulae were placed in an internal jugular 
vein (using a triple lumen catheter), a peripheral vein and 
a radial artery. Central venous, arterial pressure and ECG 
leads H and V5, including ST segment changes, were 
monitored continuously (Datex AS3, Engstrom, Helsinki, 
Finland). A three-lead ECG running at a paper speed of 
100 mm s~! (Mingocard 4, Siemens-Elma, Sweden) was 
used to record and later measure the PR and PP intervals. 
The study plan was based on one used previously to evaluate 
the clinical efficacy of adenosine in cardiac transplant 
patients.? Before anaesthesia, adenosine 112 ug kg! was 
injected rapidly via the distal lumen of the jugular venous 
catheter and flushed with 10 mi saline. A continuous ECG 
was recorded from 30 s before to 2 min after injection. 
Anaesthesia was induced using etomidate 10 mg and 
fentanyl 10 ug kg™!. Pancuronium 0.1 mg kg! was used to 
facilitate tracheal intubation and ventilation of the lungs with 
oxygen in air to an end-tidal carbon dioxide concentration 
of 4-4.5%. Anaesthesia was maintained using isoflurane. 
Metaraminol 0.25-0.5 mg was used if needed to maintain 
the systolic blood pressure at or above 90 mm Hg. When 
a stable end-tidal isoflurane concentration of 1% had been 
established, the sequence of ECG recording and adenosine 
administration was repeated. 

PR and PP intervals before and during anaesthesia were 
measured to within 5 ms and plotted. Baseline intervals 
were measured from the mean of five beats before adenosine 
injection and noted together with baseline mean arterial 
pressure. 

Time to onset of the PR effect was defined as the time 
from completion of adenosine injection to the start of PR 
prolongation, as estimated from the plot of PR intervals. 
The number of non-conducted P waves after adenosine 
injection was used as a measure of the magnitude of the 
effect on atrioventricular conduction. Duration of the PR 


effect was taken as the tume during which the PR interval 
was increased by 10 ms or more compared with baseline. 

Sinus bradycardia after adenosine injection was an incon- 
sistent finding. Therefore, no attempt was made to evaluate 
bradycardia from the magnitude or duration of PP prolonga- 
tion. In addition, some patients had atrial ectopic beats or 
transient sinus bradycardia early after adenosine mjection. 
This may have been a topical effect of adenosine on the 
sinus node from within the right atrium. 

The reflex sinus tachycardia that followed the direct 
cardiac effect of adenosine was quantified from each record- 
ing as the minimum PP interval observed after drug adminis- 
tration, and was expressed as a percentage of the baseline 
PP interval. 

Data analysis was performed using Microsoft Excel 
version 5c. Paired ¢ tests were used to analyse continuous 
variables before and during anaesthesia. The total number 
of non-conducted P waves before and during anaesthesia 
was compared using the chi-squared test. Statistical signi- 
ficance was defined as P<0.05. 

Three of the 19 patients recruited to the study developed 
a nodal rhythm after induction of anaesthesia and were 
excluded from the analysis. Sixteen patients (12 male) with 
a mean age of 57 (sp 10) years and mean weight of 84 
(16) kg completed the study. The results are given in Table 1. 


Comment 


Our study population was selected for its routine invasive 
monitoring. This choice can be criticized. Many anti-anginal 
drugs have cardiac electrophysiological effects, but these 
drugs were cantinued as withdrawal could have increased 
the risk of perioperative myocardial ischaemia. Similarly, 
we thought it unethical to omit premedication and the 
‘awake’ studies were performed in premedicated patients. 
In addition these patients had coronary disease, which could 
reduce drug delivery to the cardiac conduction system. We 
believe these criticisms are partly offset by the paired nature 
of the study; each patient was acting as their own control. 
A criticism of the study design is that effects of adenosine 
observed during sinus rhythm are surrogate end-points for 
the drug’s clinical effect, which is to end an attack of 
tachycardia. However, similar surrogate end-points have 
been used previously.’ 

We showed that anaesthesia with 1% end-tidal concentra- 
tion isoflurane/fentanyl increases the time to onset and 
reduces the magnitude of adenosine-induced atrioventricular 
nodal block. A longer transit time from the point of injection 
to the coronary circulation during anaesthesia could explain 
the delay in onset of the effect of adenosine, and the 
reduced effect of adenosine because of the drug’s very short 
plasma half-life (less than 2 s).* A longer transit time would 
allow greater adenosine metabolism and reduce the drug 
concentration reaching the effector site. 

Anaesthesia attenuated the reflex tachycardia and, by 
inference, the reflex sympathetic activation® that follows 
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Table 1 Baseline ECG measurements, baseline mean arterial pressure and cardiac response to tntravenous adenosine 112 pg kg”! before and dunng 1% isoflurane 
anaesthesia Values are mean (sD) *Two patients did not develop adenosine-induced PR prolongation while awake, and these two patents, together with a third, 
did not develop ıt during anaesthesia Paired t tests were therefore performed only on data from the 13 patients with PR prolongation both before and during anaesthesia 






































Before anaesthesia During anaesthesia P value 
Baseline FR interval (ms) 177 (25) 166 (24) 0007 
Baseline PP interval (ms) 1067 (168) 1099 (253) 0 546 
Baseline mean arterial pressure (mm Hg) 88 (11) 76 (9) 0 003 
Time to onset of PR prolongation in 13 patients (s)* 9.9 (3) 12.8 (5) 0 032 
Duration of PR prolongation ın 13 patients (s)* 10 1 (3) 10 1 (4) 0595 
Total number of non-conducted P waves 27 12 0016 
Minimum PP interval after adenosine (% of baseline) 75 (8) 87 (6) 0001 
the direct cardiac effects of an intravenous bolus of adenos- Adenosine: electrophysiologic effects and therapeutic use for 
ine. This could reflect anaesthesia-induced sympatholysis. terminating paroxysmal supraventricular tachycardia. Circulation 
The attenuation of the atrioventricular blocking effect of 1983, 68: 1254-63 
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adenosine shown in this study is a consideration when an 
anaesthetized patient develops supraventricular tachycardia. 
A standard intravenous adenosine 3, 6, 12 mg regumen Electrophysiological effects of adenosine in the transplanted human 
without additional higher doses is currently recommended. heart. evidence of supersensitvity Circulation 1990, 81: 821-8 

We suggest that, for the anaesthetized patient, the current 4 Moser GH, Schrader J, Deussen A. Turnover of adenosine in 
maximum dose presented above needs to be reviewed. plasma of human and dog blood. Am J Physio! 1989, 256: C799-806 
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Oxygen saturation and carbon dioxide values should be monitored during high-frequency jet 
ventilation (HFJV). Modern transcutaneous PCO, (Ptcco,) measurement allows the estimation 
of ventilation efficiency. We studied how tests of lung function could predict carbon dioxide 
elimination during HFJV. Lung function tests from 180 adult patients undergoing rigid 
bronchoscopy were analysed as factors affecting carbon dioxide elimination. The lung function 
test results showed a significant relationship with the effictency of carbon dioxide ellmination; 
the greatest impairment of carbon dioxide elimination was found In patients with combined 
abnormalities of lung function. Further factors associated with difficult carbon dioxide elimination 
were male gender and elevated body weight. Of the patients investigated, 72% had normal 
carbon dioxide elimination, whereas in 23% hypercapnia could be avoided only by increasing 
the driving pressure. The prevalence of abnormal preoperative lung function test results 
predicts (sensitivity 76%, positive predictive value 27%) impaired carbon dioxide elimination 
during jet ventilation and rigid bronchoscopy. 
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High-frequency jet ventilation (HFJV) 1s a convenient 
method of ventilation during rigid bronchoscopy, since it 
offers optimal visibility and easy access for diagnostic and 
surgical instruments into the airway. However, monitoring 
of gas exchange is more difficult than during conventional 
ventilation and requires special equipment. We have recently 
described a new transcutaneous blood gas sensor prototype, 
the Spo,-Ptcco, ear probe (Linde Medical Instruments, 
Basel, Switzerland). This device provides reliable carbon 
dioxide partial pressure values compared with simultan- 
eously determined Paco,, and has an in vivo latency period 
of 57+20 s.! Because of the speed and ease of use of this 
device, we now routinely use transcutaneous carbon dioxide 
measurement during HFJV as an approximation for Paco,- 
Since the jet driving pressure (DP) and the resulting 
transcutaneous PCO, (Ptcco,) values are inversely related, 
we calculate a carbon dioxide elimination coefficient 
(ECco,) which helps to quantify the individual carbon 
dioxide elimination capacity under HFJV and under stand- 
ardized conditions.” 

A value of 1.0 results if Ptcgo, is normal (37.5 mm Hg) 
during jet ventilation with a moderate DP of 2.0 atm and 
represents a normal carbon dioxide elimination capacity. 
Reduced values indicate impaired carbon dioxide elimina- 
tion. As an empirical cut-off value, we use an ECco, of 
0.75 to differentiate between normal and compromised 
carbon dioxide elimination, We set out to assess the relation 
between preoperative lung function test results and carbon 
dioxide elimination during jet ventilation for mgid bron- 
choscopy. 


Methods and results 


After informed consent had been obtained, 180 adult patients 
of ASA physical status 1-4 who were scheduled for elective 
interventional rigid bronchoscopy under general anaesthesia 
and HFJV were included in this study. Vital capacity (VC) 
and forced expiratory volume in 1 s (FEV,) were measured 
and compared with values predicted from standard equa- 
tions.? A restrictive pattern was assumed if the measured VC 
was below 70% of the predicted value, and an obstructive 
abnormality if the measured FEV, was below 70% of the 
predicted value. 

Total intravenous anaesthesia (TIVA) was conducted with 
propofol and remifentanil for induction and maintenance 
and succinylcholine for muscle relaxation. In addition to 
usual monitormg, continuous transcutaneous blood gas 
measurement with a calibrated Spo,-Ptcco, ear-clip sensor 
prototype (Linde Medical Instruments, Basel, 
Switzerland) was used.! Jet ventilation was performed with 
an AMS 1000 Universal Jet Ventilator- (Acutronic Medical 


Systems, Hirzel, Switzerland) via the rigid bronchoscope. A 
respiratory frequency of 150 cycles min™ and an inspiration 
duration of 40% were set during the study. Therefore, the 
DP was the only variable in the HFIV setting. 

The DP was set at 1.5, 2.0 and 2.5 atm for 5 min each, 
and the resulting Ptcog, was documented 3 min after each 
change of DP setting. If oxygenation was poor (Spo, 
<89%), HFJV was supplemented by manually assisted 
ventilation. ECco, values calculated at various DP settings 
were averaged. The physical and clinical characteristics 
of patients with normal carbon dioxide elimination were 
compared with those of patients with impaired elimination 
by the use of the Mann-Whitney test. The influence of lung 
function on Ecco, was tested for dissimilarity by one-way 
analysis of variance (ANOVA). Post hoc comparisons of 
categories were performed using the Bonferroni~Dunn test. 
Frequencies were examined for variability by the chi- 
squared test; P < 0.05 was considered significant. In eight 
patients the SPo, could not be maintained continuously 
above 89%, which prevented further analysis of carbon 
dioxide elimination under standardized study conditions. 
Thus, the data come from 172 patients. Ptcco, values had 
a range of 24.8-66.8 mm Hg. One hundred and thirty-five 
patients had normal carbon dioxide elimination (Ecco, > 
0.75), and in 37 patients carbon dioxide elimination was 
compromised (ECgg, < 0.75). Patients with compromised 
carbon dioxide elimination had a significantly greater body 
weight and a smaller VC and FEV), and the percentage of 
males was higher in this group of patients (Table 1). 

Allocation of patients to the four prospectively defined 
patients the Spo, could not be maintained continuously with 
normal lung function, (ii) 57 patients (33%) with obstructive 
abnormality, (iii) 22 patients (13%) with restrictive abnor- 
mality and (iv) 24 patients (14%) with combined (obstructive 
plus restrictive) abnormality. Elimination of carbon dioxide, 
as assessed by ECco,, was best in patients with normal 
lung function (P = 0.0007 in the overall ANOVA) and 
deteriorated progressively in patients with obstructive, 
restrictive and combined abnormality. 

Normal values of lung function variables (VC and/or 
FEV)) had & negative predictive value of 87% for normal 
carbon dioxide elimination (ECco, > 0.75), whereas the 
prevalence of at least one pathological lung function variable 
resulted in a positive predictive value of only 27% for 
compromised carbon dioxide elimination (Eco, 
< 0.75). Of patients with impaired carbon dioxide elimina- 
tion (Ecco, < 0.75), 76% had abnormal lung function tests 
(sensitivity) and normal results were present in only 44% 
of patients with normal carbon dioxide elimination (Ecco, 
> 0.75) (specificity). 
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Table 1 Biometrical and clinical data during jet ventilation for rigid 
bronchoscopy in patients with normal and compromised carbon dioxide 
elummaticn Frequencies were compared with the chi-squared test, the other 
variables with the Mann-Whitney test), Values are mean (SD) ns.’ = not 
significant 





Normal Compromised Statistical 
CO, elimination CQ, elimination significance 
(Ecco, > 0.75) (Ecco, < 0,75) 
Patients (") 135 37 
Males (n) 82 (63%) 29 (76%) P<0.05 
Age (years) 58 (17-31) 59 (83-78) ns 
Height (cm) 171 (9) 171 1) n.s 
Weight (kz) 72 (13) 79 (15) P<005 
Predicted VC (1) 3.81 (0.87) 3.79 (0.65) n.8 
Actual VC @) 3.16 (0.96) 2.57 (0 93) P<0 05 
Predicted FEV; () 3.26 (0 77) 3.27 (0 55) as 
Actual FEV, (1) 222 (0.78) 173 (0.73) P<005 
FEV, XLOO/VC (%) 70.4 (12.9) 67.8 (15 3) Ls 
Ventilation 14 (11) 14 7) n.s 
duraticn (min) 
Mean 40.8 (6.9) 52.4 (6.1) P<0 01 
(mm Hg) 
Mean DP (atm) 19 (03) 23 (0.3) P<001 
Mean Ecco, 102 (0.18) 0 66 (0.08) P<001 
Lung function categories (n) 
Normal 60 9 
Obstructive 48 8 
Restrictive 13 10 aaa 
Combined 14 10 
Comments 


During HFJV the assessment of carbon dioxide status is a 
challenge. An arterial catheter may be not always indicated 
or feasible and capnography values may be invalid unless 
ventilation is interrupted regularly or special equipment is 
used. Recently introduced transcutaneous PCO, monitoring 
allows non-invasive and continuous carbon dioxide surveil- 
lance with a fair degree of precision and an acceptable 
response time. i 

The definition of a tolerable upper limit for Ptcco, may be 
arbitrary; however, in the vast majority of patients, 50 mm 
Hg can be tolerated safely for the duration of a bronchoscopic 
intervention. Although in some cases even higher carbon 
dioxide values may be acceptable,* Ptcco, values between 
30 and 50 mm Hg are a reasonable routine target. If a Ptcco, 
value of 50 mm Hg is an acceptable maximum while ventilat- 
ing with a moderate DP of 2.0 atm, the resulting Ecco, must 
be above 0.75. Therefore, we used this as a cut-off value to 
divide the patients into two categories: ‘normal’ and ‘com- 
promised’ carbon dioxide elimination. 

The physical and clinical data show relevant differences 
between the two defined carbon dioxide elimination groups 
(Table 1). Male gender and high body weight are known 
to be associated with difficulty in achieving adequate gas 
exchange during HFJV, particularly with carbon dioxide 


elimination.25® The same is true for abnormal lung function, 
but this depends on the type and degree of the abnormality. 
Surprisingly, obstructive lung disease, which is usually 
considered an important hindrance to carbon dioxide elim- 
ination during jet ventilation,’ 8 was less relevant than 
restrictive lung function. However, the preoperative 
abnormal lung function predicts difficult carbon dioxide 
elimination (sensitivity 76%) but normal results are not 
good predictors of normal carbon dioxide elimination during 
jet ventilation (specificity 44%). 

In summary, most patients with abnormal pulmonary func- 
tion tests undergoing rigid bronchoscopy (96%) can be ventil- 
ated adequately with HFJV. Measurement of lung function 
variables such as VC and FEV, and the prevalence of other 
cofactors, such as male gender and elevated body weight, can 
help to estimate the expected carbon dioxide elimination. 
Patients with normal carbon dioxide elimination will require 
a lower DP. This has the benefits of lowering airway pressure 
to the necessary minimum and reducing the adverse effects 
of HFIJV, such as cooling and drying of the tracheobronchial 
epithelium. 
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The target concentration of propofol required to prevent rasponse to surgical Incision was 
determined in 60 unpremedicated ASA I or Il patients, who breathed either oxygen-enriched 
alr or nitrous oxide 67% in oxygen. Propofol was infused using a target-controlled infusion system 
Incorporating the standard ‘Diprifusor’ pharmacokinetic model, with the target concentration for 
each patient decided by up/down sequential allocation. Presence or absence of movement in 
response to a groin incision was determined by the surgeon. Tre calculated blood concentration 
at which 50% of patients responded (Cp50,..}, determined by probit analysis, was 6.8 ug 
mi~! for patients who breathed oxygen-enriched air and 4.9 ug mI! for those who breathed 


nitrous oxide 67% in oxygen. 
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Target-controlled infusion systems for propofol allow 
anaesthetists to titrate target blood propofol concentration 
according to requirement, in the same way that inspired 
concentrations of inhalational anaesthetic agents are 
adjusted according to response. Eger, Saidman and 
Brandstater! determined the minimum alveolar concentra- 
tion (MAC), that is, the alveolar concentration of an 
inhalational agent at which 50% of subjects fail to respond 
to a standard surgical stimulus, for a series of inhalational 
agents, initially ın anaesthetized dogs. This has become the 
standard experimental technique for defining the potency 
of inhalational anaesthetic agents and provides important 
guidelines for drug administration. 

Davidson and colleagues? determined the Cp50.9. for 
propofol in patients premedicated with temazepam. Cp50.a1, 
is defined as the calculated plasma concentration at which 
50% of patients anaesthetized with an intravenous agent do 
not respond to a standard surgical stimulus, the calculated 
plasma concentration having been maintained for long 
enough to permit equilibration with the effect site. 
Anaesthesia was induced and maintained with propofol by 
target-controlled infusion; after an equilibration period of 
212 min a standard surgical incision was made. Cp50 for 
the calculated propofol concentration was 6.0 ug ml"! in 
patients breathing oxygen-enriched air and 4.5 pg ml! 
in those breathing nitrous oxide 67% in oxygen. Since 
pharmacological premedication is not always appropriate, 
we considered it essential to determine the Cp50 for propofol 


in unpremedicated patients. This is particularly relevant to 
modern daycase anaesthetic practice. 


Methods and results 


Sixty unpremedicated patients (ASA I and IL, aged 16-70 
yr) scheduled for inguinal hernia repair or sapheno-fernoral 
ligation were studied, with written informed consent and 
Institutional Ethics Committee approval. Exclusion criteria 
were concurent medication with analgesics, and obesity 
(body mass index =35 kg m?). Anaesthesia was induced 
and maintained with propofol, using a target-controlled 
infusion system which incorporated the standard 
‘Diprifusor’ pharmacokinetic model proposed by Gepts and 
colleagues,‘ and later modified by Marsh and colleagues.> 
Patients were randomized to breathe either oxygen-enriched 
air or nitrous oxide 67% ın oxygen from a tightly fitting 
facemask. The target concentration for the first patient in 
each group was 0.5 ug ml! higher than the Cp50 values 
determined ty Davidson and colleagues.” After they had 
lost consciousness, patients were prepared for surgery but 
were otherwise left as unstimulated as possible. 

A minimum of 12 min after induction (to allow equilibra- 
tion between blood and brain propofol concentrations, and 
inspired/expired nitrous oxide partial pressures), a groin 
incision was made. The surgeon, who was blinded to the 
target propofol concentration in use and to whether the 
patient was breathing oxygen-enriched air or nitrous oxide 
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Fig 1 Dose-response data for each of the patients breathing either oxygen- 
enriched air or nitrous oxide 67% in oxygen; movement (+) and Jack of 
movement (O) in response to incision 


in oxygen, decided if there was any ‘gross purposeful 
movement’. This definition of movement was the same as 
that used by Eger, Saidman and Brandstater in their MAC 
studies.! Subsequent patients in each group had anaesthesia 
induced to a target concentration 0.1 pg ml! higher or 
lower than before, using up/down sequential allocation; if 
the patient moved on incision, the target propofol concen- 
tration for the next patient in that group was set to 0.1 ug 
ml higher than before. If no movement was detected, the 
target for the next patient was 0.1 ug mi! lower than the 
previcus patient in that group. The collection of study data 
was complete when the response to surgical incision was 
noted, and thereafter an appropriate dose of opioid (fentanyl 
or alfentanil) was administered to deepen anaesthesia. Probit 
analysis® was used to assess the dose-response data, with 
Minitab version 12 for Windows 95. 

Mean (range) age and mean (SD) weight were 49.6 
(18-70) yr and 71.1 (11.4) kg, respectively, in the nitrous 
oxide group and 41.2 (18-68) yr and 73.7 (15.6) kg, 
respectively, in those breathing oxygen-enriched air. The 
gender ratio (male:female) was 16:14 in the nitrous oxide 
group, and 19:11 in those breathing oxygen-enriched air. 
Arterial pressure was measured non-invasively every 3 min. 
Patients remained haemodynamically stable (within 20% of 
preoperative mean arterial pressure). No patients required 
assistance with ventilation (Spo, remained >94% and 
FE'co, was <7.5 kPa) and on direct questioning at the 
postoperative visit no patient had recall of any event 
during anaesthesia or surgery. The target blood propofol 
concentration for each patient and the response to incision 
are shown in Fig. 1. 


The Cp50 for the target propofol concentration, corrected 
to one decimal place (95% confidence intervals), was 49 
(4.8-5.0) ug mi”! in patients breathing nitrous oxide 67% 
and 6.8 (6.7-6.9) ug mI in those breathing oxygen- 
enriched air. 


Comment 


The Cp50 values that we have determined are slightly 
higher than those described by Davidson and colleagues in 
their premedicated patients.* We found that the admuinistra- 
tion of nitrous oxide 67% in oxygen reduces propofol Cp50 
by 28%, which is similar to the 25% reduction demonstrated 
previously.” 

Cp95 (the concentration at which only 5% of patients 
respond to incision) might be considered more clinically 
relevant than Cp50. Up/down sequential allocation and 
probit analysis are designed to determine Cp50 and, while 
it is possible to estimate Cp95 by extrapolation of the ‘best- 
fit’ lne on probit graphs, the confidence intervals are so 
large that ıt is impossible to draw any firm conclusions 
from the result In our study, propofol Cp95,., (95% 
confidence intervals) was 5.3 (5.1-18.9) ug ml" for patients 
who breathed nitrous oxide 67%, and 7.1 (6.9-9.5) ug 
ml"! for those who breathed oxygen-enriched air. 

We conclude that, in unpremedicated patients, 1f anaesthe- 
sia is induced to a target propofol concentration of 6.8 ug 
ml, or 4.9 ug ml when nitrous oxide 67% is used, there 
is a 50% chance that patients will move ın response to a 
skin incision made a |212 min later. 
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presenting for coronary artery bypass grafting 
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A 73-yr-old man with severe ischaemic heart disease presented for coronary artery bypass 
grafting. His preoperative platelet count, obtained from an ethylene diamine tetraacetic acld 
(EDTA) sampling bottle, was 61X10? litre“', but he had no history of bleeding problems. 
Previous platelet counts demonstrated results ranging from 16X10? litre”! to 254% 10? litre”! 
with variable degrees of in vitro platelet clumping. Preoperative thrombelastography reflected 
a normal coagulation profile. The laboratory findings and the absence of a history of 
haemorrhagic complications suggested a diagnosis of EDTA-dependent pseudothrombocyto- 
penia. We present the perloperative Implications of this in vitro phenomenon and methods of 
detecting the functional and numerical Integrity of circulating platelets. 
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Pre- and postoperative thrombocytopenia are factors predict- 
ive of increased haemorrhage and increased blood transfu- 
sion requirements after cardiac surgery.! ? Functional 
impairment of platelets resulting from cardiopulmonary 
bypass further compromises haemostatic mechanisms.’ Re- 
exploration for haemorrhage after coronary artery bypass 
grafting is associated with increased length of hospital stay 
and increased mortality.4 Thrombocytopenia is undesirable 
and may result in the need for platelet transfusion. 
Pseudothrombocytopenia is a rare finding caused by 
in vitro aggregation of platelets in sampling bottles con- 
taining ethylene diamine tetraacetic acid (EDTA) as an 
anticoagulant. Bartels and colleagues demonstrated a pre- 
valence of 0.1% in a general hospital population.® Silvestri 
and co-workers discovered that 15% of patients referred to 
a specialist unit with isolated thrombocytopenia were, in 
fact, cases of EDTA-dependent pseudothrombocytopenia.” 
The phenomenon is thought to be the result of an altered 
conformation of platelet membrane glycoproteins or anionic 
phospholipids after exposure to EDTA and cold temperature, 
leading to the binding of various immunoglobulins of 
the IgG, IgM or IgA class, which then promote platelet 
aggregation. In some patients, antibodies against the IIb 
fraction of the platelet membrane glycoprotein GP I[b/Ia 
complex have been discovered.? 1° This structure becomes 
exposed as a result of the chelating effect of EDTA on 


calcium ions. Incubation of the blood sample with sodium 
citrate mstead of EDTA usually prevents the process and 
can be considered diagnostic of EDTA-dependent pseudo- 
thrombocytopenia. 

Misinterpretation of an artificially low platelet count may 
lead to the unnecessary transfusion of platelets, increasing 
the risk of associated morbidity. In the absence of a reliable 
platelet count, assessment of platelet function may be 
difficult. Testing for bleeding tıme has been shown to be a 
poor predictor of haemorrhage associated with surgical 
procedures.!! Thrombelastography, on the other hand, 
reflects platelet function and predicts postoperative haemor- 
rhage after cardiac surgery.!? 


Case report 

A 73-yr-old man with triple-vessel coronary disease pre- 
sented for coronary artery bypass grafting. His past medical 
history comprised ischaemic heart disease with two prior 
myocardial infarctions and unstable angina pectoris; con- 
gestive cardiac failure; chronic obstructive airways disease; 
and cerebrovascular disease with several transient ischaemic 
attacks and a prior cerebrovascular accident. He denied any 
history of bleeding problems. His current medications 
were beclomethasone and salbutamol inhalers, nifedipine, 
amiloride, furosemide and glyceryl trinitrate spray as 
required. He had stopped smoking recently. On chest 
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Anticoagulant-induced pseudothrombocytopenia 


Table 1 Perioperative laboratory findings and TEG results For platelet counts we used sampling bottles contatnmg EDTA or sodium citrate (citrate) For 
preoperative TEG samples, we used native cups (n), intraoperative samples were mcubated in heparinase-coated cups (hp), and for postoperative samples both 
techniques were used. APTT = activated partial thromboplastin time, R ume = reaction time, K time = clot formation time; alpha angle = rate of clot growth, 
NA = not applicable. Reference ranges: haemoglobin, 13 5-17 5 g di}, platelets, 140X10? to 40010? litre!, prothrombin time, 12-16 s, APTT, 28-38 s, 
fibrinogen, 1.540 g hitre!; R ume, 40 0+6 5 mm, K time, 16.045.0 mm, o angle, 29 0+7.5°, maximum amplitude, 50.045 0 mm 








Preoperative Intraoperative Postoperative 
Platelet count (X10? litreé!) 61 (RDTAY68 (citrate) 39 (EDTA) 33 (EDTAY60 (citrate) 
Haemoglobm (g dr’) 12.2 8.4 9.4 
Prothrombin time (8) 14.2 NA 198 
APTT (8) 35.4 NA 555 
Fibrinogen (g hitre!) 25 NA 16 
ACT (s) 130 760 129 
R time (mm) 365 (n) 155 (hp) 38.5/35 5 (n/hp) 
K time (mm) 115) 7.5 (hp) 190/14 5 (n/hp) 
Alpha angle (degrees) 36 0 (n) 45.0 (hp) 21 0/23 0 (n/bp) 
Maximum amplitude (mm) 55.5 (n) 70 0 (hp) 43.5/62.5 (ubp) 





examination, end-expiratory wheezes were audible in all 
areas. No petechiae were seen and splenomegaly was not 
detected. His preoperative full blood count and coagulation 
profile were within normal limits, except for a low platelet 
count of 61x10? litre! obtained from an EDTA sampling 
bottle. Careful investigation of previous platelet counts 
revealed results ranging from 16X10? litre! to 254X10° 
litre“! over a period of 6 yr. Platelet clumps had been noted 
in some of these samples and were invariably associated 
with low platelet concentrations, consistent with a diagnosis 
of pseudothrombocytopenia. A citrated blood sample (these 
are not usually associated with platelet clumping) was taken 
3 days before operation and demonstrated a low platelet 
count of 68X10° htre™!. A further recent sample, collected 
within an EDTA bottle, however, showed a normal platelet 
count of 25410? litre~!. 

Because of the inconsistency of the findings, we decided 
to rely on thrombelastographic analysis (TEG) for our 
decision to proceed with the surgical procedure and for our 
intraoperative transfusion strategy. The preoperative TEG 
showed normal values (Table 1). The alpha-angle and the 
maximum amplitude, parameters denoting platelet function 
and platelet—fibrin interaction, were within the normal range. 
Findings were similar throughout the surgical procedure 
and into the postoperative period. Further perioperative 
platelet counts and the results of pre- and postoperative 
coagulation profiles were recorded (Table 1). After adminis- 
tration of heparin 24 000 iu, the activated coagulation time 
(ACT) rose from 130 to 760 s. Protamine reversal resulted 
in an ACT of 129 s. Postoperative chest tube drainage 
amounted to 520 ml in the first 24 h. Only one unit of blood 
was transfused postoperatively, keeping the haemoglobin 
above 8 g dl~! in accordance with our established transfusion 
protocol. Two further concurrent blood samples were taken 
in the postoperative period, using EDTA and citrate respect- 
ively. The EDTA sample showed a platelet count of 33 10° 
litre and the citrated container a platelet count of 60X10? 
litre!. Both sampling bottles contained platelet clumps. 


Discussion 
Thrombocytopenia may be a result of impaired platelet 
production or accelerated platelet destruction (Table 2). In 


Table 2 Causes of thrombocytopema 


Impaired platelet production 
Marrow infiltration (leukaemia, myelofibrosis) 
Myelosuppresstve drugs (antimitotics, ethanol, thiazide diuretics) 
Infection (rubella, cytomegalovirus) 
Congenital amegakaryocytic thrombocytopenia 
Accelerated platelet destruction 
_ Idiopathic thrombocytic purpura 
Drug-induced thrombocytopema (heparin, quinidine) 
Neonatal thrombocytopenia 
Disseminated intravascular coagulation 
Sequestration of platelets 
Splenomegaly 
Psendothrombocytopema 





some cases, the underlying pathology cannot be identified. 
In 1996, the Task Force on Blood Component Therapy of 
the American Society of Anesthesiologists suggested that 
prophylactic platelet transfusion was rarely indicated in 
surgical patients with platelet counts greater than 100X 10° 
litre~!, and was usually indicated for platelet counts below 
50X10? litre~!. In patients with intermediate platelet counts 
(50109 litre! to 100X109 litre-!), the risk of bleeding 
should be assessed and factors that adversely affect platelet 
function, such as the use of extracorporeal circulation, 
should be taken into account.!? Doubts about the wisdom 
of administering platelet concentrates to our patient arose 
because of the enormous variation in past platelet counts, 
the presence of clumping and the absence of a clinical 
history, indicating a possible diagnosis of pseudothrombo- 
cytopenia. We were, however, intrigued by the inconsistency 
of the results and the absence of normal platelet counts 
with citrated containers, which have been recommended for 
use in patients with pseudothrombocytopenia to avoid 
platelet clumping.® A preoperative citrated sample showed 
thrombocytopenia with clumping, whereas an earlier sample 
containing EDTA demonstrated a normal platelet count. 
Both samples taken postoperatively, containing EDTA and 
citrate respectively, showed low platelet counts and clumps. 

This inconsistency encouraged us to search the literature. 
Schrezenmeier and colleagues found that anticoagulation 
with not only EDTA but also sodium oxalate and sodium 
citrate induced platelet clumping in vitro.'4 Bizzaro reported 
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that 20% of a large series of patients with pseudothrombocy- 
topenia developed platelet clumping not only with EDTA 
but also with citrated samples.'> His findings confirmed 
that in vitro platelet aggregation was a gradual process that 
was more likely to develop at room temperature than 
at body temperature. The author therefore recommended 
immediate analysis of blood samples at 37°C, although 
even at this temperature platelet clumping was noted in 
20% of patients. These findings would explain the apparent 
inconsistencies in platelet counts in our patient. EDTA- 
containing samples with high platelet counts may have been 
analysed earlier and at a higher temperature than some 
of the citrated samples that showed low platelet counts. 
Undoubtedly, however, in our patient both EDTA and citrate 
had the capacity to induce pseudothrombocytopenia. 

Dalamangas and Slaughter reported a patient with EDTA- 
dependent pseudothrombocytopenia presenting for coronary 
artery bypass grafting and aortic valve replacement.!® Cit- 
rated blood samples showed a normal platelet count, facilit- 
ating accurate diagnosis. The more complex findings in our 
patient required additional tests to establish that in vivo 
platelet function was normal. Thrombelastography is a 
useful near-patient test of platelet function.” The MA shows 
significant correlation with the platelet count, and also with 
platelet binding to ADP and collagen, reflecting platelet 
activity. The alpha angle is reduced in thrombocytopenia, 
indicating a reduced rate of clot formation. Normal throm- 
belastographic findings reassured us that our patient pre- 
sented with anticoagulant (EDTA and citrate)-induced 
pseudothrombocytopenia but had normal in vivo platelet 
function. An unnecessary platelet transfusion was avoided 
and we were satisfied that no abnormal postoperative 
haemorrhage was to be anticipated as a result of thrombo- 
cytopenia. 

In summary, this case demonstrated that a low preoperat- 
ive platelet count may, on rare occasions, be the result of 
a laboratory artefact. In patients presenting for surgery, a 
critical perspective is recommended if the absence of a 
clinical history coincides with large variability in platelet 
counts. Platelet clumping on the blood film indicates the 
presence of pseudothrombocytopenia, but automated cell 
counters may not produce this information. Anaesthetists 
should be aware-that, in patients with pseudothrombocyto- 
penia, the platelet count obtained from EDTA sampling 
bottles may not reflect the in vivo status accurately. In some 
but not all of these patients, in vitro platelet clumping may 
be prevented by using citrated containers. Blood samples 
should be analysed before prolonged exposure to room 
temperature has taken place. If this is umpracticable, other 
tests, such as thrombelastography, may be used to reflect the 
numerical and functional integrity of circulating platelets. 
Awareness of the phenomenon and knowledge of the 
underlying physiological principles will enable anaesthetists 
to manage patients with anticoagulant-induced pseudo- 
thrombocytopenia appropriately. 
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Transoesophageal echocardiography (TOE) is being used more often by cardiothoracic 
anaesthetists for the perioperative management of cardiac problems. Reports of iatrogenic 
oesophageal perforation by instrumentation of the oesophagus are increasing.’ Although TOE 
is considered safe,? 3 it may be more risky during surgery, because the probe is passed and 
manipulated in an anaesthetized patient. lt may be in place for several hours so the risk of 
mucosal pressure’ and thermal damage is increased. Patients on cardiopulmonary bypass are 
also fully anticoagulated. We describe a case of oesophageal perforation following insertion of 
the TOE probe in a patient with gross cardiomegaly. Oesophageal distortion by cardiac 
enlargement may increase the risk of oesophageal perforation. Difficulty in passage of the TOE 
probe should be regarded with suspicion and withdrawal should be contemplated because the 
symptoms of oesophageal perforation are often delayed? and non-specific.' Delay in investigation, 


diagnosis and treatment will increase morbidity and mortality.6® 
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Transoesophageal echocardiography (TOE) is being used 
increasingly by cardiothoracic anaesthetists in the UK. We 
describe a case of iatrogenic oesophageal perforation after 
perioperative insertion of a TOE probe in a patient with 
gross cardiomegaly. 


Case report 


A 59-yr-old woman with severe rheumatic mitral valve 
disease was admitted for mitral valve repair or replacement 
and tricuspid valve repair. She had severe mitral regurgita- 
tion, a dilated and severely globally impaired left ventricle, 
pulmonary hypertension (52/28 mm Hg) and normal coron- 
ary arteries. Chest x-ray showed gross cardiomegaly with 
a heart:chest ratio of | and a splayed carina (Fig. 1). 

She had audible inspiratory stridor during normal conver- 
sation but gave no history of regurgitation or dysphagia. 
After peripheral venous and arterial cannulation, anaesthesia 
was induced with fentanyl, midazolam and etomidate. A 
right internal jugular central venous catheter and a 
Swan—Ganz introducer sheath were then inserted. The TOE 
probe (Hewlett-Packard Omniplane) was inserted into the 
oesophagus easily under direct vision using a laryngoscope. 
Resistance to passage was felt at 30 cm and no effort was 


made to pass the probe further. TOE at this level revealed 
a huge left atrium 16.5 cm in diameter (Pigs 2. 3). Further 
preoperative assessment was made using transthoracic 
echocardiography. 

The mitral valve annulus was 45 mm diameter. The 
mitral valve was replaced by a Medtronic Intact porcine 
bioprosthesis, with preservation of the posterior leaflet. A 
very thin friable left atrial wall was noted and there was 
considerable bleeding from the left atriotomy, which was 
controlled with difficulty. The cardiopulmonary bypass time 
was 2h 48 min. Epinephrine, norepinephrine and enoximone 
were used during separation from bypass. She was extubated 
the following morning. A nasogastric tube was not used 
after the operation. 

She progressed well and was eating normally until she 
complained of severe right pleuritic pain on the fourth 
postoperative day. Chest x-ray showed a large right pleural 
effusion which drained 2.5 litres of milky fluid. Later the 
same day she became unwell with hypotension, dyspnoea, 
oliguria and rapid atrial fibrillation. Mechanical ventilation 
was commenced. By the next day, 7000 mi of increasingly 
thick, offensive fluid had drained from the chest drain. Ai 
oesophagoscopy. a 5-cm oesophageal tear was found, start 
ing 34 cm from the incisors, with an adjacent abscess cavity 
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Fig 1 Chest radiograph demonstrating gross cardiomegaly with heart:chest 


ratio of | and a splayed carina 





Fig 2 Transoesophageal echocardiogram with multiplanar probe at the 
level of the left atrium and left atrial appendage. The size of the atrium 


is 16.0% 10.9 cm (see centimetre measurement marks), LA left atrium 


At surgery, the oesophagus was friable, oedematous and 
displaced laterally, stretched around the enlarged left atrium. 
Despite defunctioning of the oesophagus by a cervical 
oesophagostomy, gastrostomy and drainage of the medias- 
tinum, the patient deteriorated and died on the ninth day 
after the operation 

At post-mortem the oesophagus was noted to be very 
thin and friable, with associated inflammation around the 
tear. The oesophagus was distended around the left atrium 
with fibrosis and tethering. 





Fig 3 Transoesophageal echocardiogram with the multiplanar probe at the 
level of the left atrium and left atrial appendage. The plane of imaging 
has been rotated through 90°, producing a longitudinal view of the grossly 


enlarged left atrium. LA = left atrium: LV left ventricle 


Discussion 

TOE is widely used in North America for cardiac surgical 
management. The American Society of Anesthesiologists 
and the Society of Cardiovascular Anesthesiologists Task 
Force practice guidelines define three categories of perioper- 
ative TOE indications’ '° (Table 1). Each category is defined 
by the degree to which expert opinion, and evidence, show 
that TOE can improve outcome. TOE is being used more 
by anaesthetists in the UK. The indications for our use of 
TOE were category IIA and liB. TOE is considered to be 
safe. >In a multicentre study of 10 219 successful TOE 
probe insertions? there was only one death, from an invasive 
lung tumour and haemorrhagic complications. However, of 
the total studied (10 419) only 11.9% were perioperative. 
In perioperative cardiac TOE the probe remains in situ 
for several hours, during which time the patient is fully 
anticoagulated on cardiopulmonary bypass. In addition, the 
probe is inserted and manipulated in an anaesthetized patient 
who cannot indicate discomfort. Urbanowicz and colleagues 
found that the TOE probe may cause mucosal ischaemia 
by direct pressure of up to 60 mm Hg.* Leaving the tip 
flexed and locked for periods of time may also increase 
any ischaemia. When active, the probe becomes warm and 
could cause damage if it were used continuously for a 
long time. 

There are seven published cases,* ''~!® including one 
death, of gastrointestinal tract damage from TOE. Three 
were mucosal lacerations occurring after uneventful peri- 
operative TOE.''-'> All presented immediately after opera- 
tion with blood aspirated from a nasogastric tube, passed 
routinely, after removal of the TOE probe. Two cases of 
haemorrhage occurred from oesophageal contusions.* '4 


These presented 30 h and 4 days after non-perioperative 
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Table 1 Indications for the use of TOE? 





Category I: supported by the strongest evidence or expert opinion 
- 1 Penoperative . 


Valve repair 
Congenstal heart surgery 
Thoracic aortic aneurysms, dissection or disruption 
Hypertrophic obstructive cardiomyopathy 
Endocardius 
Assessment of aortic valve function m repair of aortic 
dissection 
Intensive care unit mvestigation of unstable patients with 
unexplained haemodynamic disturbances, suspected valve 
disease or thromboembolic problems 

I Pericardial window procedures 

J Mınımally invasive cardiac surgery 
Category II supported by weaker evidence and expert consensus 

1 Perioperative 

A Patients with increased nsk of myocardial infarcon 

B Patients with increased risk of haemodynamic disturbance 

C Monitoring placement and function of assist devices 

D Assessment of patients with suspected acute thoracic 

dissections aneurysms or disruption 
ui Intraoperative 
A Assessment of repair of cardiac aneurysm 


Q mN 


fee 


B Evaluation of removal of cardiac masses 
C Detection of foreign bodies 
D Detection of air embol: during cardictomy, heart 
transplantation and upnght neurosurgical procedures 
E _sIntracardiac thrombectomy 
F Pulmonary embolectomy 
G Suspected cardiac trauma 
H Repar of thoracic aortic dissection without suspected 
aortic valve involvement 
I Detection of aortic atheromatous disease or other 
sources of aortic emboli 
Evaluation of pericardial surgery 
K Evaluation of anastomotic sites during heart and/or 
lung transplantation 
Categary IN. little scientific or expert opinion support 
1 Intraoperative 
A Evaluation of myocardial perfusion, coronary artery 
anatomy, graft patency 
B Repar of cardiomyopathies (other than hypertrophic 
obstructive cardiomyopathy) 
Uncomplicated endocarditis dunng non-cardiac surgery 
Monitoring for emboli dunng orthopaedic procedures 
Assessment of reparr of thoracic aortic mjunes 
Uncomplicated pericarditis 
Evaluation of pleuropulmonary disease 
Monitoring of cardioplegia administration 
ii Placement of monitors 
A Monitonng placement of mtra-aortic balloon pumps 
B Automatic implantable cardiac defibrillators 
C Pulmonary artery catheters 


Net 


mawmoa 


TOE. The former occurred during anticoagulation and the 
latter after thrombolysis for a valve thrombosis. Two patients 
had perforations, one in the hypopharynx!> and one at the 
gastroesophageal junction.!© The hypopharyngeal perfora- 
tion occurred as the TOE probe was inserted after sternotomy 
for a cardiac operation. The diagnosis was made immedi- 
ately because the probe appeared in the operative field. The 
perforation tract was drained and surgical closure of the 
perforation followed the next day. The patient was 
discharged home on the 40th postoperative day. The gastro- 
esophageal junction perforation occurred despite a seem- 


ingly .normal perioperative TOE. The patient first 
complained of nausea at 04:00 am the morning after an 
aorto-bifemoral graft. At 06:00 am the patient developed 
abdominal pain and coffee-ground emesis. A nasogastric 
tube was passed and a further 600 ml was aspirated. A 
limited gastrointestinal contrast study led to the diagnosis 
of a perforation in the afternoon of the first postoperative 
day. Despite a thoracoabdominal oesophagogastrectomy, 
the patient died on the seventh postoperative day. 

Iatrogenic oesophageal injury is the most common cause 
of oesophageal injury, accounting for 73% of reported 
cases.! It is associated with high morbidity and mortality.6 7 
Unfortunately, iatrogenic oesophageal perforations are 
increasing.!7 Unless there is a very high index of suspicion, 
the diagnosis of perforation is often delayed or missed.! > 
Meckler’s triad, of vomuting, pain and subcutaneous 
emphysema, relating to spontaneous oesophageal perfora- 
tion, is often absent. The patients are often symptom-free 
for several hours and 33% of initial chest x-rays are normal.’ 
Ocesophagography is the most sensitive investigation, dem- 
onstrating over 90% of perforations.) 7 This may be 
improved by performing the investigation in the lateral 
decubitus position.'7 

A delay in diagnosis increases morbidity and mortality®’, 
although the 24-h watershed after which surgical outcome 
is poorer has been brought into doubt by a recent report! 
with 10% mortality compared with the normal 25%.® 

Other complications of TOE include bradycardia,'® vent- 
ricular tachycardia,” third-degree heartblock,? atrial fibnlla- 
tion? angina,? upper airway  obstruction,'97° fatal 
embolization of the right atrial mass,?! hypoxia,? broncho- 
constriction,? and death from cardiac tamponade dunng 
TOE for aortic aneurysm dissection.” There is also an 
association between perioperative TOE and postoperative 
swallowing dysfunction.” 

Our patient died of an oesophageal perforation caused, 
presumably, by attempted passage of a TOE probe. Later 
discussion with the family revealed that the patient had 
actually complained of dysphagia. This is a contraindication 
to TOE, as is any oesophageal or gastric disease.!? 74 This 
was unfortunately not noted by the anaesthetic or surgical 
assessments. 

Severe cardiac enlargement can displace and thin the 
oesophageal wall. Oesophageal barium studies might ındi- 
cate increased risk of oesophageal perforation in these 
patients. Should resistance to passage of the TOE occur, 
the probe should be withdrawn from this position. 

Between active imaging, the TOE should be left in situ, 
in an unlocked position, with the probe head non-active to 
prevent thermal injury. 

Oesophageal perforation has a better prognosis if 
diagnosed and treated early.6 Iatrogenic perforations do not 
give symptoms for many hours, and the first postoperative 
chest x-rays are often normal.* Our patient was symptom- 
free until the fourth day after operation, when she was 
eating and drinking normally. 
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Difficulty in passing the TOE probe, or a bloodstained 


gastric aspirate after removal of the probe, should indicate 
early investigation, diagnosis and surgical treatment to 
reduce the high risk of morbidity and mortality. 
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Mallory—Weiss tear following cardiac surgery: transoesophageal 
echoprobe or nasogastric tube? 
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A case of fatal upper gastrointestinal bleeding from a Mallory—-Welss tear after transoesophageal 
echocardiography during cardiac surgery is reported. After the echocardiographic examination, 
which is considered a safe procedure, a nasogastric tube was inserted which immediately 
revealed bright red blood. Eventually the patient lost 9 litres of blood. The role of the 
echoprobe and the nasogastric tube In causing the Mallory-Velss tear Is discussed. Although 
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this case is not conclusive about the mechanism of oesophageal damage, It Is suggested 
that the safety recommendations for transoesophageal echocardiography also apply for 
instrumentation of the oesophagus with a nasogastric tube after the transoesophageal 


echocardiographic examination. 
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Transoesophageal echocardiography (TOE) is increasingly 
used in cardiology and cardiac surgery with few reported 
complications. In cardiological practice TOE is considered 
to be a short, semi-invasive diagnostic procedure with a 
complication risk of 0.5-1% in large series.! ? Although 
most complications are usually transient (e.g. cardiac 
dysrhythmias, hypotension, dysphagia and laryngospasm), 
upper gastrointestinal bleeding is potentially dangerous, 
especially in the setting of cardiac surgery because of the 
anticoagulation and coagulopathy associated with cardiopul- 
monary bypass (CPB). The increased contact time between 
the oesophagus and the TOE probe in the anaesthetized 
patient during surgery and the longer duration of a flexed 
probe position for continuous monitoring of left ventricular 
function may provoke oesophageal mucosal damage. How- 
ever, overt upper gastrointestinal bleeding following TOE 
during cardiac surgery has rarely been described.? 4 We 
present a patient with fatal massive bleeding from a distal 
oesophageal lesion, diagnosed as a Mallory—Weiss tear, 
which occurred following TOE monitoring for cardiac 
surgery. 


Case report 


A 74-yr-old man underwent coronary artery bypass grafting 
for progressive three-vessel disease. He had moderate 
chronic obstructive pulmonary disease and had suffered 
a myocardial infarction 1 yr earlier. The preoperative 
transthoracic echocardiogram showed a moderately 
impaired left ventricular function. The patient denied a 
history of coagulopathy, alcohol abuse or gastrointestinal 
complaints, including oesophageal disease. Medication 
consisted of lisinopril, bisoprolol, furosemide, aspirin, ipra- 
tropium bromide and budesonide. Aspirin was stopped 
2 days before admission to hospital. After induction of 
anaesthesia, a TOE multiplane probe (Vingmed, Sonotron, 
Zoetermeer, The Netherlands, tip dimensions: diameter 
15.7 mm, length 44 mm) covered by a well-lubricated 
protective sheath was uneventfully inserted. The controls 
of the probe were in the neutral position to allow the probe 
to follow the natural course of the oesophagus. Images of 
the heart were obtained from the standard positions (mid- 
oesophageal and transgastric views). The angular fixation 
device to lock the probe was not used. The acoustic power 
control of the echomachine was ın the default setting. 
Revascularization of the myocardium was performed 


with a left internal mammary artery and a saphenous vein 
graft. TOE was used to guide weaning from CPB which 
necessitated ionotropic support (dopamine 10 pg kg min`’). 
Heparin action was reversed with protamine which resulted 
in an activated clotting time of 107 s, comparable to the 
pre-CPB value. No signs of active bleeding existed in the 
surgical field. At the end of the operation, no gross fluid 
levels were seen in the stomach and the TOE probe was 
carefully removed after ~ 2.5 h. It was perfectly clean 
without any sign of blood. Thereafter, a 16F nasogastric tube 
at room temperature (Sherwood Medical, ’s Hertogenbosch, 
The Netherlands) was inserted. The first attempt failed to 
pass the pharyngeal structures, but a second attempt resulted 
in a smooth introduction without obvious resistance. Suction 
was applied to verify the position and immediately 100 ml 
of bright red blood without clots was seen. The patient was 
transferred to the intensive care unit where again suction 
was applied to the nasogastric tube and another 500 ml of 
bright red blood was removed. The bleeding was refractory 
to therapy which consisted of iced saline flush, and resulted 
in a blood loss of 3 litres in the next 2 h. Endoscopy was 
performed and demonstrated small superficial upper gastric 
and prepyloric erosions, which could not be identified as a 
bleeding site, and several haematomas without sign of 
recent bleeding in the proximal oesophagus. At the gastro- 
oesophageal junction a bleeding lesion was seen ın the wall 
of the oesophagus, which was diagnosed as a Mallory— 
Weiss tear and was infiltrated with 5 ml of adrenalin solution 
(100 ug mI’). Because the bleeding continued, endoscopy 
was repeated and it was decided to insert a Sengstaken 
tube. Gradually the bleeding stopped after a total blood loss 
of 9 litres. No bleeding was observed from other sites and 
laboratory tests showed normal clotting values (APTT 29 s, 
PT 17 s, fibrinogen 1.5 g I-!). After 5 days, endoscopy was 
repeated showing no signs of haematomas in the proximal 
oesophagus and varices grade 1 ın the distal oesophagus. 
The gastro—oesophageal junction was not seen due to a 
large black clot. The gastric mucosa was normal and no 
signs of active bleeding were present. Secondary to the 
concomitant massive transfusion, the patient developed a 
respiratory distress syndrome, a low cardiac output state 
and renal failure. Eventually the patient died on the 90th 
postoperative day due to multi-organ failure. 


Discussion 
This case describes a patient with massive bleeding from a 
Mallory—Weiss tear, which occurred following TOE during 
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cardiac surgery. Mallory—Weiss tears occur at the gastro- 
oesophageal junction, indicating that this is a- vulnerable 
area for mucosal lesions. Iatrogenic Mallory—Weiss tears 
resulting from upper gastrointestinal endoscopy have an 
incidence of 0.07-0.5%.3 5 © In most patients, bleeding 
from these tears stops spontaneously and is managed non- 
surgically, but blood loss may be considerable.’ TOE is a 
rapidly evolving technique and we use it in our institution 
as a routine technique for all cardiac procedures according to 
the recently published Practice Guidelines for Perioperative 
TOE, category I and I.8 Our patient met the criteria 
with his previous myocardial infarction, his impaired left 
ventricular function and his planned myocardial revascu- 
larization. TOE is considered a safe technique with few 
serious complications. Following TOE during cardiac sur- 
gery the incidence of occult blood in postoperative naso- 
gastric aspirate is ~50%, which is even lower than the 
incidence of occult blood in control patients who had not 
undergone TOE.’ However, the low incidence of significant 
gastrointestinal bleeding associated with TOE is apparent 
from the few case reports of this complication.! 3 4 10 

What could have caused the Mallory—Weiss tear in our 
patient? The insertion of the TOE probe was uneventful 
and no excessive force was used to advance the probe, nor 
was the probe advanced with a flexed tip, thereby minimiz- 
ing the risk of injury to the oesophagus during insertion. A 
review of the examination tape revealed no gross fluid 
levels in the stomach at the end of surgery and the protective 
sheath of the TOE probe was not bloodstained on removal, 
indicating that no significant bleeding up to that moment 
existed. It seems highly unlikely that all of the blood could 
have been wiped off the protective sheath by removal of 
the TOE probe from the oesophagus. Immediately after 
removal of the TOE probe a nasogastric tube was inserted 
as is routine in postoperatively ventilated cardiac patients 
to achieve gastric decompression and to prevent the accumu- 
lation of gastric contents due to their opioid anaesthesia. 
The insertion of the nasogastric tube was followed by the 
aspiration of bright red blood. This sequence of instrumenta- 
tion of the oesophagus is basically the same as in two other 
case reports on significant gastrointestinal bleeding after an 
intraoperative TOE examination,’ 4 but in those cases the 
bleeding was attributed solely to the instrumentation of the 
oesophagus with the TOE probe. Although the insertion of 
a nasogastric tube may have contributed to oesophageal 
and gastric mucosal damage, it is difficult to assess the 
magnitude of contribution to laceration or tearing. 

Many of the reported complications of TOE could result 
from pressure exerted by the tip of the probe on the 
oesophagus and the stomach. lt has been shown that 
generally oesophageal contact pressure exerted by a TOE 
probe 1s low and does not exceed 17 mm Hg in various 
positions, but that unexplained high pressure up to 60 mm 
Hg can occur.!! Moreover, it has been shown that in 
obtaining the left ventricular short axis view in 73% of 
patients the tip of the TOE probe was located in the 


stomach, in 14% at the gastroesophageal junction and in 
13% in the oesophagus.!? To obtain this short axis view 
the TOE probe has to be flexed, and puts the gastro— 
oesophageal junction, which acts as a hinge for the TOE 
probe, at risk of pressure lesions. This raises concern for 
the apical four-chamber view which requires extreme flexion 
and may result in gastric laceration.* In our patient, small 
upper gastric erosions were observed at endoscopic exam- 
ination, but the apical four-chamber view was not used. 
Although the average contact time of the TOE probe during 
cardiac surgery is longer than in cardiological practice, a 
long contact time has not been shown to cause oesophageal 
mucosal damage in animal studies.!! 13 Thermal injury as 
a contributing factor!” is unlikely, as the acoustic power 
was in the default setting, the ultrasound was used only for 
short examinations and the echoprobe was protected from 
temperatures exceeding 40°C by automatic shut-down. The 
effect of a latex protective sheath covering the TOE probe 
and its possible folds on the mucosa of the oesophagus is 
unknown. Residual coagulopathy after cardiac surgery is a 
possible contributing factor, but after reversal of heparin a 
normal clotting was achieved. The same applies for the 
residual effect of the use of aspirin. Furthermore, TOE can 
even be safely performed in patients undergoing liver 
transplantation, known for their coagulopathies and oeso- 
phageal varices. !4 

In conclusion, the potential for oesophageal damage from 
TOE examination during cardiac surgery is illustrated in a 
patient with fatal bleeding from a Mallory—Weiss tear. 
Although our case is not conclusive about the mechanism 
of oesophageal damage, instrumentation of the oesophagus 
with either a TOE probe or a nasogastric tube after TOE 
probe removal is a potential risk factor for oesophageal 
bleeding after TOE examination during cardiac surgery. To 
ensure the safety of TOE, several basic rules should be 
observed: inspection of the probe prior to insertion for 
cleanliness and structural integrity; gentle introduction and 
positioning of a well-lubricated probe; avoidance of advan- 
cing the probe forcefully or manipulation with the tip in a 
locked position or leaving the tip flexed for a prolonged 
period of time. Therefore, we suggest that the recommenda- 
tions for safety in TOE (including gentle insertion and 
positioning) also apply for instrumentation of the oeso- 
phagus with a nasogastric tube after TOE examination. 
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We describe a new laryngeal mask airway (LMA) that incorporates a second tube placed lateral 
to the airway tube and ending at the tip of the mask. The second tube Is Intended to separate 
the alimentary and respiratory tracts. It should permit access to or escape of fluids from the 
stomach and reduce the risks of gastric insufflation and pulmonary aspiration. It can also 
determine the correct positioning of the mask. A second posterior cuff is fitted to improve 
the seal. A preliminary crossover comparison with the standard mask in 30 adult female 
patients showed no differences in insertion, trauma or quality of airway. At 60 cm H0 
intracuff pressure, the new LMA gave twice the seal pressure of the standard device (P<0.0001) 
and permitted blind insertion of a gastric tube in all cases. It is concluded that the new device 


merits further study. 
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This paper describes a new type of laryngeal mask airway 
(LMA) incorporating a drainage tube (LMADT). The main 
aim of the drainage tube is to enhance the safety and the 
scope of the device, particularly when used with positive 
pressure ventilation. 


Evolution of the concept 


The standard LMA has been successful because it usually 
requires little skill to achieve a patent airway.! Suboptimal 
insertion or fixation of the LMA may allow its distal end 
to lie anywhere from the nasopharynx? to the rima glottidis, 
34 yet often the airway remains clinically clear. However, 
the mask was designed to lie with its distal end wedged 
against the upper oesophageal sphincter (UOS). Any other 
position is intrinsically unstable for anatomical reasons, as 
the shape of the mask is an imitation of the pocket-like 
hypopharynx in which it is intended to lie. 

This instability may allow movement during anaesthesia 
or recovery. A recent report? described 82 out of 283 female 
patients in whom the LMA had rotated onto its side. 
In addition, mismatch between the mask and pharyngeal 
contours may result in an inadequate seal,° causing the 
anaesthetist to increase intracuff pressure, which can damage 
superficial nerves. Evidence from cadavers suggests the 


mask may protect against regurgitation if its tip is correctly 
wedged against the UOS.” However, this position is not 
always achieved because the UOS is visible in up to 
10-15% of patients when a fibrescope is passed down the 
airway tube.?° Clearly an LMA which allows the user to 
detect malposition would be advantageous. 

In 1983, the inventor noted that if a second tube was 
placed in the long axis of the mask, with a distal opening 
at the mask tip and open proximally to the atmosphere, an 
effective seal could not be achieved against the larynx 
unless the distal end of the mask, with its open second 
tube, was sealed against the UOS. An effective seal around 
the larynx indicated an effective seal of the second tube at 
the UOS, as otherwise gases would escape through the 
second tube. As such leakage was easily detected, this 
double-tube design seemed desirable because it indicated 
poor mask position (Fig. 1). 

The second tube in the device allows a second sealed 
junction against the UOS, giving continuity with the aliment- 
ary tract and isolating it from the airway. Theoretically this 
should give (i) some channelling of regurgitated gastric 
contents; (ii) in consequence, less need for effective occlu- 
sion of the UOS by the mask tip in the event of regurgitation; 
(iii) the opportunity to pass a gastric. tube through the 
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(A) LMADT correctly placed 


(B) LMADT placed too proximally 


LMADT = Laryngeal mask airway with drain tube 
UOS = Upper oesophageal sphincter 


Fig 1 (A) The LMADT correctly placed. The distal opening of the drainage 
tube is wedged against the upper oesophageal sphincter, preventing escape 
of inspired gas through the dramage tube. (B) The LMADT is lying too 
proximally. The distal end of the drainage tube may communicate with 
the airway, resulting in gas leaks from the proximal end of the drainage tube. 


Table 1 Differences between early (1995) and current models of LMA with 
drainage tube (DT) ILMA = intubating laryngeal mask arway 


Prototype LMA with drainage New LMA with drainage 

tube (1995) tube (1999) 

DT behind airway tube and mask DT arranged lateral to arway tube 

bowl 

DT runs posterior to mask bowl DT runs anterior to mask bowl 

Mask aperture bars No mask aperture bars 

Distal orifice of DT cut square Distal orifice of DT cut obliquely 

DT not designed to collapse on DT orifice designed to collapse on 

deflation deflation 

Bowl of mask in same position as Bow! of mask moved posteriorly 

standard LMA 

Mask 18 same shape as standard LMA Mask has posterior extension 
proximally 

Mask has large postenor cuff to Mask seal increase achieved partly 

increase seal by deeper bowl, partly by smaller 
posterior cuff 

Not fitted with finger/mtroducer Fitted with finger/mntroducer locating 

locating strap strap 

Not fitted with bite-block Fitted with integral bite-block 


No introducer tool 
Insertion requires rotation, lke Guedel 
airway 


Introducer tool available 
Insertion same as standard LMA 
(using finger) or same as ILMA 
(using introducer tool) 

Airway tube 18 wire-reinforced, 
more flexible than standard LMA 


Aurway tube identical to standard 
LMA, but stiffened by presence of 
posteriorly placed DT 


drainage tube; and (iv) avoidance of gastric insufflation 
during positive pressure ventilation. 

A crude prototype incorporating a drainage tube was 
described in 1995.!° Important differences from the previous 
(1995) prototype are summarized in Table 1. 

This paper describes a more developed form of the 





15mm connector 


Drain tube, accepts up to 18 FG 
nasogasinic tube 


Flexible 9 mm internal diameter 
airway tube 


Pilot balloon 


Finger strap 
Airway tube distal aperture 


Valve 
Secondary vent 
Drain tube + epiglottc deflector 


Inflatable cuff 


Drain tube distal aperture 


Fig 2 The size 4 LMADT seen from the front. 


LMADT (LMA ProSeal, LMA Company) and preliminary 
data obtained from a feasibility study. 


Device description 
Figure 2 shows the LMADT from the front. 


Methods 
Preliminary clinical data 


Study aims 
We had only one size of prototype device. We planned a 
limited comparison of the new LMA with the standard 
device to assess the following: (i) ease of insertion with or 
without a special introducer tool; (ii) airway seal pressure 
at standard intracuff pressure of 60 cm H,O; (iii) an 
appropriate patient weight for the single size of trial device 
available (equivalent to a size 4 LMA); (iv) ease and 
reliability of insertion of nasogastric tubes up to 18 
French gauge 

We obtained local ethical committee approval to compare 
the new device (LMADT) with the standard LMA within 
the same patient. We studied 30 fasted ASA 1 or 2 adult 
female patients who had given written informed consent and 
were undergoing procedures requiring general anaesthesia 
where a standard size 4 LMA would normally have been 
chosen. Before starting the study, three investigators, who 
were of consultant grade, were taught how to use the device 
by the inventor (ADB). Each then performed 10 insertions 
with the index finger and then 10 insertions with the 
introducer tool, before collecting data from a further 10 
patients, in five of whom the insertion tool was used. The 
device to be used first was selected randomly by opening 
a sealed envelope. A standard size 4 LMA and the test 
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device were inserted into each patient and inflated to 
60 cm H,O intracuff pressure, using a calibrated aneroid 
manometer. Insertion using the index finger was identical 
to the standard insertion technique described in the LMA 
instruction manual,!! but insertion using the tool provided 
was identical to that for the intubating laryngeal mask 
airway. !? 

Anaesthetic technique and premedication were not stand- 
ardized, but in all cases patients were paralysed and ventil- 
ated and standard monitoring was applied before 
anaesthesia. Using the anaesthetist’s choice of non-depolar- 
izing agent at a dose appropriate for tracheal intubation, 
neuromuscular block was achieved before insertion of 
the device. Immediately after insertion and cuff inflation, 
manual ventilation of the lungs was carried out with the 
circuit closed to determine (i) whether an expired volume 
of more than 8 ml kg™! could be achieved, using a Datex 
Monitor AS/3 (Datex Engstrom, Helsinki, Finland) and, in 
the case of the test device, (ii) whether leaks occurred up 
the drainage tube at less than 20 cm H,O airway pressure. 
A minimum Vy of 8 ml kg was chosen in an attempt to 
avoid gastric insufflation. Leak detection was sought below 
a peak airway pressure of 20 cm H,O as significant leaks 
up the drainage tube below this level would suggest 
malposition of the device. For the latter measurement, an 
in-line manometer was placed immediately proximal to the 
airway device and a bolus of 0.5-1 mi of lubricant jelly 
was placed in the proximal orifice of the drainage tube to 
seal it. The airway pressure at which this bolus was ejected 
was noted. If such leaks were detected, malposition was 
diagnosed and a further insertion attempt was made after 
the device had been deflated carefully. If partial or complete 
airway obstruction was noted or the minimum expired tidal 
volume was not achieved despite adequate neuromuscular 
block, entry of the distal end of the device into the laryngeal 
vestibule was presumed and the device was removed and 
reinserted. A maximum of three attempts was permitted 
with each device, after which the alternative device was 
used. If neither device could achieve a satisfactory airway, 
as defined above, the patient’s trachea was intubated conven- 
tionally. 

If a satisfactory airway had been achieved, the selected 
device was fixed in place with its cuff inflated to 60 cm 
H,O. A single within-patient comparative test was carried 
out under steady-state conditions (before surgical manipula- 
tion) to determine the relative seal pressure for each device 
at which leaks occurred, as follows: the ventilator was 
switched off, the spill valve closed and pressure allowed to 
rise in the breathing circuit at 3 litre min`! fresh gas flow, 
until no further increase in pressure was seen. Circuit 
pressure was not allowed to increase above 40 cm H,O 
and oxygen saturation, measured with finger transmission 
oximetry (Datex AS/3), was not permitted to fall below 
95%. Except when one of the devices had previously failed 
to provide an airway within three attempts, the device 
currently in place was then deflated, removed and immedi- 


ately replaced with the alternative device, after which the 
measurement was repeated. In the case of the test device, 
a lubricated nasogastric tube (12-18 French gauge) was 
inserted blindly down the drainage tube after demonstration 
of correct device position and after pressure measurements 
had been made. Suction was applied, the volume of any 
gastric fluid noted and the catheter removed. Ease or 
difficulty of placement was noted. Investigators were warned 
that in no circumstances should force be used in attempting 
to pass the nasogastric tube. 

Before starting the study, we measured the volume of 
each device at atmospheric pressure and then its static 
compliance when inflated with up to 30 ml additional air. 
In patients, we recorded body weight, height (n=20), 
subjective ease of insertion (l=very easy, 2=easy, 3= 
difficult, 4=very difficult), volume added to the cuff to 
achieve an intracuff pressure of 60 cm H,O, duration of 
anaesthesia, anaesthetic agents used, whether regurgitation 
was observed at any time with either device and how this 
was detected, and any comments by recovery staff regarding 
the quality of recovery. Removal of the device in all cases 
was timed to coincide with the return of consciousness, 
indicated by response to command. 

In a subgroup of 20 patients (group 2), further data were 
recorded: (i) fibre-optic assessment (fibreoptic broncho- 
scope, FOB) was made to compare views through the LMA 
and LMADT using a scoring system (1=full view of cords, 
2=view of cords partially blocked by epiglottis, 3=only 
arytenoids visible, 4=no laryngeal structures visible); (ii) 
the body mass index was also calculated in this group to 
see whether this was related to seal pressure. 


Statistical analysis 


To detect a minimum difference of 5 cm H,O between the 
two devices, we took interpatient variability as sp=4, based 
on experience and an empirical finding of a coefficient of 
variation (CV) of 0.2. Instrumental accuracy was taken as 
being within a CV of 0.1, giving sb=2. Together, this gives 
a power of 0.915 when taking 18 readings with each device. 
Allowing for possible exclusions, we chose to examine a 
minimum of 20 patients. Data were analysed using the 
chi-squared test, and P<0.05 was taken as statistically 
significant. Data are reported as mean (range) unless stated 
otherwise. 


Results 


Cuff volumes for the LMADT and LMA at atmospberic 
intracuff pressure were 30 and 25 ml respectively, Progress- 
ive inflation with a further 30 ml air gave a mean compliance 
for each device of 0.36 (0.04-0.02) and 0.13 (0.02-0.01) 
ml cm H,07! respectively. 

Twenty patients were recruited from our institution and 
a further 10 from a second institution. Propofol and Atracur- 
ium were used in all patients. The patients had a body 
weight of 67.5 (50-95) kg, height of 161 (152 —172) cm 
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Table 2 Fibre-optic scores and ease of insertion for the standard LMA and the 
LMA with drainage tube (LMADT). Fibre-optic scores 1 = cords fully visible; 
2 = cords partly occluded by epiglottis, 3 = only arytenoids visible, 4 = no 
laryngeal strectures visible. Ease of msertion scores: very easy, easy, difficult, 
very difficult‘impossible. Data were analysed with the chi-squared test There 
were no significant differences between the scores for either feature (P=0 49 
for fibre-optiz score, P=0 13 for ease of insertion) 





Device Fibre-optic score Ease of insertion 

1 2,3 Very easy Easy 
LMA 13 7 28 2 
LMADT 15 5 24 6 
Totals 28 12 52 8 


and duration of anaesthesia of 48 (20-120) min. No patients 
were judged difficult for insertion of either device. Two 
LMA insertions and sıx LMADT insertions were scored 
‘easy’ as opposed to ‘very easy’ (P=0.13) (Table 2). The 
insertion tool did not affect ease of insertion. At an intracuff 
pressure of 60 cm H,O, mean seal pressures were twice as 
high with the LMADT as with the standard LMA: 30 (15- 
40) compared with 15.8 (10-32) cm H,O respectively 
(P<0.0001). There was no relation to body weight (P= 
0.7). Mean volume of air injected into the cuff to achieve 
an intracuff pressure of 60 cm H,O was 25.9 (16-34) ml 
for the LMADT and 15.3 (10-25) ml for the LMA. Leaks 
from the LMADT drainage tube were detected at lung 
inflation pressures less than 20 cm H,O in five of 30 
patients, but were abolished in all but one of these either 
by pressing the device more firmly into place (n=2) or by 
reinsertion (n=2). Obstruction immediately after insertion 
was diagnosed in one case with the LMA and in two cases 
with the LMADT, only one of which required reinsertion 
to correct it. A tidal volume of 8 ml kg~! was achieved in 
29 of 30 cases with the LMA and in all cases with 
the LMADT. No patient required tracheal intubation. A 
nasogastric tube was inserted through the LMADT drainage 
tube easily in 28 patients, with difficulty in two. Gastric 
fluid was aspirated from the stomach in 25 of 30 cases, the 
volume being 15 ml (0-80). After device removal in the 
recovery area, a trace of blood was seen on the LMA mask 
in one and on the LMADT mask in two cases (difference 
not significant). There were no cases of regurgitation or 
aspiration. 

The relationship between body mass index and seal 
pressure is shown for the 20 patients in group 2 in Figure 
3. There was no significant difference in fibre-optic score 
(Table 2). 


Discussion 

We compared a new laryngeal mask incorporating a drainage 

tube (LMADT) with the standard LMA in a preliminary 

crossover study in 30 female patients. The following conclu- 

sions were drawn. 

G) The LMADT and the standard device are equally 
easy to insert. 
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Fig 3 LMA and LMADT seal pressures at 60 cm H20 intracuff pressure 
in relation to body mass index (BMI). Slope of line shows the increase in 
seal pressure for each unit increase in BMI (0.44 cm H20). Seal pressure 
achieved with the LMADT 1s on average 14 cm H,O higher than with the 
LMA (P<0.0001) 


The device can indicate correct or incorrect insertion, 
but further study will be required to confirm whether 
this is a reliable diagnostic feature. 

On average, the seal pressure obtained was 10.8 cm 

H,O higher than with the LMA. (P<0.0001). It is 

tempting to relate this finding to the greater compli- 

ance of the new device (0.36 compared with 0.13 ml 

cm H,O). However, at 60 cm H,O cuff pressure 

in vivo, cuff volumes were less in both devices than 
measured volumes at atmospheric intracuff pressure 
in vitro (25.9 compared with 30 ml for the LMADT 
and 15.3 compared with 25 ml for the LMA). There- 
fore, at 60 cm H,O intracuff pressure, seals were 
achieved at inflation volumes lower than those 
required to expand the silicone walls of the cuff in 
both cases. We hypothesize that the larger capacity 
of the new device may give increased seal pressure 
by allowing the cuff walls to match the contours of the 
pharyngeal and laryngeal surfaces more effectively. 

Seal pressures are not influenced by body weight over 

the range studied (P=0.7); however, in 20 patients in 

whom the body mass index was calculated, an upward 
trend of seal pressure was noted in both devices 

(0.44 cm H,O per body mass index unit, P=0.007), 

an interesting finding which warrants further investi- 

gation. 

(v) Nasogastric tube insertion was usually easy, and this 
appears to be one of the most potentially useful 
aspects of the new device. However, it was difficult 
to insert a size larger than 16 French gauge in these 
preproduction samples. 

In summary, the LMADT may offer some advantages 
over the existing LMA. The ease of nasogastnc tube 
insertion through the new device was interesting. There is 
no technical reason why the tube could not be guided into 
place irrespective of the patient’s position, once the mask 
itself is correctly positioned. Positive pressure was easily 
achieved over a wide weight range in female adults. The 


Gi) 


Gii) 


Gv) 
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value of the drainage tube, to reduce gastric inflation and 
reduce regurgitation and possible aspiration, needs further 
assessment. 
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In 1972, the British epidemiologist Archie Cochrane 
published his view of the principles on which the delivery 
of health care should be based.! Put simply, he stated that 
limited resources should be used equitably to provide 
care of proven benefit. Cochrane promoted randomized 
controlled trials (RCT) as the most reliable source of 
evidence on which to base decisions about the effective- 
ness of health care interventions. He advocated the 
compilation of a comprehensive catalogue of definitive 
reviews of scientifically valid clinical trials for each special- 
ity. These regularly updated reviews could be consulted to 
assist with clinical decision-making. Medical interventions 
would thus be scientifically based on properly planned and 
executed clinical trials (distilled where possible into equally 
scientifically valid reviews) rather than on anecdote, habit, 
selective experience, faulty memory, or a skewed sample 
of the relevant clinical trials. The impact of Cochrane’s 
book,! Effectiveness and Efficiency, was not fully recognized 
at the time, but it captured the essence of today’s evidence- 
based medicine movement. Cochrane’s vision of a reliable, 
comprehensive and accurate medical database, the Cochrane 
Library, is approaching reality. 


Evidence-based medicine 


The Cochrane Collaboration is a major focus of activity 
and a rich source of information within the evidence-based 
medicine movement. The term evidence-based medicine 
(EBM) originated at McMaster University in Canada, and 
has been defined as ‘the conscientious, explicit and judicious 
use of the best evidence in making decisions about the care 
of individual patients.2~* Thus to practice EBM is to 
integrate clinical expertize with the best available external 
evidence from systematic research. 

The practice of EBM 1s described in David Sackett’s 


book, Evidence-Based Medicine: How to Practice and 
Teach Evidence-Based Medicine.> The following is a short 
outline of the five principles of EBM. 


Ask a clinical question you can answer 


In order to find an answer to your clinical question, the 
question will have to be clear and well focused. For 
example, see the following. 


(i) Who is the question about? How could you describe 
a group of patients similar to this particular patient? 
(E.g. a healthy teenager, an overweight pregnant 
woman or an elderly person with coronary heart 
disease.) 

(ii) Which treatment or manoeuvre are you considering 

for the patient? (E.g. type of anaesthesia, route for 

central venous catheterization or antibiotic ın the 
intensive care unit.) 

What is the desired (or undesired) outcome for the 

patient? (Reduced postoperative nausea and vomiting, 

reduced morbidity or mortality, reduced costs.) 


Gii) 


A good question will cover these three areas of subject, 
intervention and outcome, each of equal importance. Failure 
to frame the question properly will make it harder to find 
useful and applicable answers. For example, ‘Is propofol a 
better induction agent than thiopental?’ contrasted with 
‘Does propofol lead to fewer unexpected overnght admis- 
sions than thiopental after adult day case laparoscopic 
sterilization?’ 


Search for evidence 

Information technology has undoubtedly made ıt easier to 
search the medical literature, and most institutions provide 
computers that allow electronic searching. Several databases 
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should be used when searching for evidence, as overlap 
between different databases is often not complete.> Medline 
is well known to most doctors, and a subject can be searched 
by free text and index terms. The Cochrane Library (see 
later) currently contains 1221 systematic reviews or proto- 
cols to reviews, and references to more than 250000 
randomized or clinically controlled trials. 

Additionally, EmBase and Biosis as well as other data- 
bases can be sought. These databases are available on CD- 
ROM and the Internet. It is worth remembering that 
information retrieval is now a complex field in its own 
right, and the help of a skilled medical librarian or informa- 
tion scientist is invaluable. 


Critical appraisal of the evidence 


Critical appraisal is the process whereby we attempt to 
answer two main questions about the material we have 
retrieved in our search. These are as follows. 


(i) Are the results important (useful for you as a 
clinician)? 

If a study concludes that a diagnostic test is 
inaccurate or that a treatment has only a negligible 
effect on patient outcome, there is no need to go 
through the text to appraise the validity of the study. 
If, however, results are judged to be important, we 
must go back and ask the following question. 

Are the results valid (close to the truth)? 

Several questions have to be posed, for example: Was 
the design of the study sensible? What was the 
intervention studied and what was it compared with? 
If the trial was about treatment or prevention: Was 
the assignment of patients randomized and was the 
allocation procedure concealed? Were all the patients 
who entered the trial accounted for at its conclusion 
and were they analysed in the groups to which they 
were randomized? 

What outcome was measured and how? Was the 
outcome assessor blinded? Was a surrogate end point 
used? (See later.) 

Were the statistics used correctly? And finally, were 
the conclusions which were drawn by the authors 
supported by the results? 


Gi) 


Together, these questions help to judge the clinical 
applicability of the study results: This process is not new 
and is already familiar to most doctors. However, emphasis 
is placed firmly on the needs of the clinician rather than 
the researcher and on using the medical literature as a 
means to an end rather than as an end in itself. 


Clinical applicability of evidence-based findings 


After critical appraisal, some questions remain: How can 
you integrate this evidence with your own clinical expertise 
and decide whether and how to incorporate it into the care 
of your patient? Do these results apply to your patient? 


Is your patient so different from those in the trial that 
the results cannot help you? (Can the results be generaliz- 
able?) Does the intervention match your patients (and your) 
preferences? It is then a clinical decision to estimate the 
potential benefit of the intervention for the individual patient. 


Evaluation 

After going through the process of applying EBM in patient 
care, it is necessary to evaluate the process. How well did 
we succeed in using EBM? Did we ask the right questions? 
Did we find useful answers? Will we actually use the findings 
in clinical practice? Is there anything we can do better? 


Systematic versus narrative reviews 


The narrative or traditional review article has been a common 
source of answers to clinical problems. There can, however, 
be serious flaws in the methodology used, as described by 
Mulrow.® She found, in her now classic survey of reviews 
in general medical journals, that there was usually no 
description of the search strategy used to find material for 
inclusion, nor any description of criteria for including or 
excluding studies. Furthermore, there was seldom any 
reporting of methods of appraising studies for inclusion, 
leading to the suspicion that it may not have been conducted, 
or that trials were included or excluded on arbitrary and 
subjective grounds. Mulrow argued that failure to include 
relevant studies might well result in incorrect conclusions in 
the final review.® 

A systematic review, on the other hand, is an overview 
of primary studies that contams an explicit statement of 
objectives, materials and methods, which has been conducted 
according to explicit and reproducible methodology. Reviews 
prepared within the Cochrane Collaboration are systematic 
and are regularly updated to incorporate new evidence. 


The Cochrane Collaboration 


The Cochrane Collaboration is an international organization 
that aims to help people make well-informed decisions about 
health care by preparing, maintaining and promoting the 
accessibility of systematic reviews of the effects of health 
care interventions.’ To perform this task, 51 review groups, 
each covering a specific area of health care, have been 
established. 


Cochrane Anaesthesia Review Group 


The idea of forming a Cochrane Anaesthesia Review Group 
first arose in the autumn of 1997. At that time, anaesthesia 
was one of the few areas of medical practice not represented 
within the collaboration. A group of anaesthetists at the 
Bispebjerg University Hospital in Copenhagen, Denmark 
began to explore the possibilities of forming a review group. 
The first meeting was held during the 6th Annual Meeting 
of the European Society of Anaesthesiologists in 1998; and 
an international cooperation began. Further meetings for 
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information and recruitment were held at the Annual Meeting 
of the American Society of Anesthesiologists and at the 6th 
Cochrane Colloquium in Baltimore (USA) in the autumn of 
1998. Finally, it was agreed to establish the Cochrane 
Anaesthesia Review Group at an exploratory meeting held 
in Amsterdam 1999. The group was registered with the 
Cochrane Collaboration on Feb 8, 2000. 


Scope and topics 

The scoge of the Cochrane Anaesthesia Review Group helps 
to delineate the way in which the Group conceptalizes the 
topic. As systematic reviews are prepared, this description 
helps to highlight areas of care where no trials have been 
identified. The scope covers anaesthesia, perioperative care 
medicine, untensive care medicine, resuscitation and emer- 
gency medicine. The present list of topics for systematic 
reviews (Table 1) within anaesthesia and imtensive care 
represents clinical practice in relation to current, past and 
potential interventions for patients undergoing anaesthesia or 
intensive care. The list is not exhaustive and the group 
welcomes suggestions. 


Applying evidence-based medicine to practice 
Evidence-based medicine has had an enormous impact on 
clinical medicine, attracting both converts and detractors. 
The basic premise, that clinical decisions should be made 
on as scund evidence as possible, appears unassailable.8 Why 
then would the idea stimulate controversy? Critics have 
argued that the term ‘evidence-based medicine’ is logically 
indistinguishable from the term ‘medicine’, and have referred 
to it as a new type of authoritarianism in medicine.* Another 
critic of evidence-based medicine, Bruce Charlton, stated, in 
his review of David Sackett’s book,? ‘The basic error of 
evidence-based medicine is quite simple. It is that the 
epidemiological data do not provide the information necessary 
to treat individual patients.’ This may be a point of concern 
when evidence-based findings and results of meta-analysis 
are implemented in clinical practice. However, evidence- 
based medicine is more than scientific results. It has a large 
component of clinical experience and empathy, which has to 
be used in conjunction with the evidence in clinical decision- 
making. Many critics seem to have overlooked this point. 
Critics have argued that the whole enterprise is no more 
than ‘cookbook’ medicine, and Goodman’ has stated that it 
is outright insulting to doctors to suggest that they have not 
been basing their practice on evidence. But the evidence 
they traditionally have used may not have been derived 
from careful scrutiny of published research, in part 
because there was very little research to draw on. In fact, 
for much of medical practice including anaesthesia, this is 
still true. Anaesthesia may be in an unusual position in that 
much of what we do is not in itself therapeutic, but 
is designed to facilitate other interventions. An important 
difference between anaesthesia and other specialities which 
predominantly treat disease is that in anaesthesia there is 


Table 1 Suggestions for topics in anaesthesia and tensive care medicine 


(1) Drugs m anaesthesia and intensive care medicine 
Opioids 
Potent inhalation agents 
Intravenous anaesthetics 
Premedication and sedatives 
Neuromuscular blocking agents 
Other drugs 
(2) Anaesthesia and medical disease 
Preoperative evaluation 
Preoperative treatment (cardiovascular disease, pulmonary disease, 
endocrinological disease, renal and liver disease, muscular 
disorders and malignant hyperpyrexia, neurological diseases, other 
diseases) 
Medical intervention for penoperative events 
Circulatory, respiratory, endocnnological, other 


(3) Regional anaesthesia 
Epidural blockade 
Spinal blockade 
Peripheral nerve blocks 
I v/artenal regional anaesthesia 
Pharmacology of regional anaesthesia 


(4) Ambulatory anaesthesia and anaesthesia outside the operating room 
Anaesthesia for cardioversion 
Anaesthesia for electroconvulsive therapy 
Other interventions 


(5) Penoperative care medicine 
Treatment of the anaesthetic patient m the penoperative penod 
Medical intervention 
Acute postoperative pain therapy 
Fluid management crystalloids/colloids, blood component 
therapy 
Postoperative complications 
Early nutrition 
Other interventions 


(6) Patients in postanaesthestrc umt and intensive care unit 
Respiratory care’ mechanical ventilation, other ventilatory support 
Circulatory care. haemodynamic management, volume 
resuscitation, vasopressors 
Fluid therapy, metabolism, infection control, numton 


(7) Technology in anaesthesia and intensive care medicine 
Equipment 


(8) Prehospital medicine, resuscitation and emergency 
Prehospital care interventions 
Anaesthesia for patients with trauma 
Acute medical conditions 
Initial cardiopulmonary stabilization of patients 
Cardiopulmonary resuscitation 
Emergency medicine 
Acute medical conditions, hypothermia 





very little research performed with real outcomes as end 
points, as has been stressed by Goodman}? and Horan 14 
Surrogate or intermediate outcomes, such as laboratory 
findings, arterial pressure or other physiological para- 
meters predominate as the end points of anaesthetic research, 
possibly reflecting the greater emphasis given to basic 
sciences in anaesthetic training compared with other 
specialities, The disadvantages of the use of surrogate out- 
come measures, as outlined in a systematic review by 
Ggtzsche and colleagues in 1996,!5 are a drawback when 
we are seeking evidence to support clinical decisions. 
Rather than seeing this as a weakness of ‘evidence-based 
anaesthesia’, we feel 1t should encourage us to demand the 
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use of clinically relevant end pomts where possible in future 
anaesthetic research. 

As there is no evidence that evidence-based medicine 
provides better medical care than whatever it was that went 
before, we have to continue the debate and ask the question 
in testing health care interventions, as Haynes did:!¢ Can it 
work? Does it work? Is it worth it? 


Future directions 
The importance of evidence-based medicine and ‘the 
Cochrane Collaboration has become widely recognized by 
health professionals and lay people alike. Progress in applying 
these principles, as stressed most recently by Wijetunge and 
Baldock,!’ has been slow for a variety of reasons. First, hard 
evidence to support many treatments is simply not available 
because properly designed studies have not been performed. 
Second, the evidence may exist, but may not be easily 
accessible to those making the decisions. Third, even when 
available the evidence may not be accepted by those 
delivering care, particularly if it seems to be in conflict with 
perceived wisdom or personal experience, or if it threatens 
a vested interest. 
We believe that the acceptance of evidence-based practice 
can be increased through the following strategies. 
e By encouraging the use of evidence-based strategies in 
clinical practice and education. 
e By learning to distinguish what we know from what we 
do not know. 
e By focusing on clinically relevant outcomes. 
By directing our research efforts toward topics where 
evidence is non-existent or unclear. 


Conclusions 


If anaesthetists are to practice evidence-based medicine, the 
recommendations derived from the evidence must be widely 
accepted as the most authoritative statement that is currently 
available. This would involve an agreed strategy between 
the major research funding bodies and anaesthetic groups 
such as the American Society of Anesthesiologists (ASA), the 
European Society of Anaesthesiologists (ESA), the European 
Academy, the European Society of Intensive Care and 


the national societies. Anaesthetists are well known for 
cooperation and teamwork, and we are confident that this 
vision can become a reality. The size of the undertaking 1s 
considerable and the prospect daunting, but the potential 
benefits to us and our patients are great. 

To register as a member of the Cochrane Anaesthesia 
Review Group, please contact our website www.cochrane- 
anaesthesia.suite.dk 
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Soluble adhesion molecules and endothelin in 
patients with fulminant hepatic failure: evidence 
for endothelial activation and injury 


T. S. Walsh’, S. J. Wigmore’, A Lee! and J.A. Ross? 


University Departments of Anaesthetics and ?Surgery, Royal Infirmary 
of Edinburgh, Lauriston Place, Edinburgh EH3 9YW, UK 


Fulminant hepatic failure (FHF) causes multiple organ dysfunction 
notably cardiovascular collapse, renal failure, and cerebral oedema. 
Endothelial_leucocyte interaction 1s implicated ın the pathogenesis 
of organ dysfunction ın the critically ill and is mediated via 
intercellular adhesion molecules. We have previously demonstrated 
early activation of circulating leucocytes in patients with FHF 
In this study we investigated endothelial activation by measuring 
circulating concentrations of endothelin and soluble selectins in 
patients with FHF. 

We studied 14 patients with FHF (13 paracetamol-induced, 1 
non-ABC hepatitis). All had grade ID/IV encephalopathy, and 
were sedated, paralysed and mechanically ventilated. No patient 
had microbiological evidence of sepsis at the time of study. 
Arterial blood was centrifuged and stored at -70°C for subsequent 
analysis. Cardiovascular variables, oxygenation indices, prothrom- 
bin time, and multiple organ dysfunction scores (MODS) were 
recorded at the time of sampling. Analysis for soluble E, L, and 
P selectin and for endothelin-1 was by sandwich ELISA using 
commercial kits. All analyses were done ın duplicate and concen- 
trations averaged. For comparison venous blood was drawn from 
eight healthy volunteers. 

Median prothrombin time in patients was 105 s (range 40-200). 
Seven patients fulfilled King’s College criteria for poor prognosis 
of whom four died and three survived following liver transplanta- 
tion. Of the remaining seven patients two died. The median MODS 
score was 12 (8-17). Concentrations of soluble selectins and 
endothelin are presented in Table 1. No relation was observed 
between selectin or endothelin concentration and cardiovascular 
parameters, oxygenation index, the presence of renal failure, 
norepinephrine requirement or survival. sL-selectin concentration 
correlated inversely with MODS (r=0.6, P<0.04). 

Our data indicate significantly increased circulating concentra- 
tions of sE-selectin, sP-selectin and endothelin-1 in patients with 


FHF. These molecules originate primarily from endothelial cells 
and are released 1n response to activation or injury. Concentrations 
of sL-selectin, which is leucocyte-derived, were normal overall 
but correlated inversely with MODS score. This was interesting 
because sL-selectin concentrations have been inversely correlated 
with organ failure in at risk patients who develop ARDS.? We 
conclude that endothelial activation occurs in FHF, 
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The effects of leucodepletion in patients with the 
Systemic Inflammatory Response Syndrome 
(SIRS) 


M. Sabato!, D F. Treacher!, K A Brown? and V. Gant? 


Departments of Intensive Care and *Immunology, St Thomas’ Hospital, 
London SEI 7EH, UK. Department of Microbiology, UCLH, 
London WCIE 6DB, UK 


Cardiopulmonary bypass may generate SIRS and subsequent 
multiple organ failure. Tissue damage is likely to arise from the 
untoward activity of infiltraung blood polymorphonuclear cells 
(PMNs) interacting with the endothelhum of blood vessels to 
increase vascular permeability. The aim of this study was to 
determine the effect of leucodepletion in these patients, and to 
mvestigate whether leucofiltration of blood from SIRS patients 
modified the binding of PMNs to cultured endothelial cells. 
Twenty-four patients who met SIRS criteria at 36 h after cardiac 
surgery were equally randomized to leucofiltration (LF) or control 
therapy. LF patients (nine male; APACHE II 21 + 2; age 62 + 10) 
received 1 h filtration cycles using a venovenous extracorporeal 
circuit at 200 ml min“, repeated at 12 h intervals Control patients 
(12 male, APACHE II 21 + 2; age 63 + 9) received standard 
post-operative care. Hypoxaemua index (Pao, /F1o,) was calculated 
up to 96 h from the onset of treatment. Blood from patients with 
SIRS was also subjected to lencofiltration in a laboratory-based 


Table 1 Concentrations of circulating soluble selectins and endothelin-1 in patients with fulminant hepatic failure and in healthy controls. All values median 
(range). *P<0.04, **P<0.003, ***P<0 02 in comparison with healthy controls, Mann-Whitney U test 


sE-selectin ng mr! P-selectin ng mi! sL-selectin ng mi! Endothelin-1 ng mr! 
Patients (n= 14) 223 (143-317)* 184 (45-260)** 1421 (622-2501) 13 (1-39)*** 
Healtky controls (n = 8) 155 (116-190) 64 (18-108) 1321 (1027-2129) 3 (1-4) 
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Table 2 SOFA scores at day 4 and day 7 compared to day 1. Mean (SEM) {interquartile range} 


SOFA score day 1 


n = 52 9.4 (0.5) {3.7} 
n= 48 103 (06) {52} 


Dopexamune group 
Control group 


extracorporeal circuit and the PMNs examined for their ability to 
bind to monolayers of endothelial cells derived from human 
umbilical veins. The results are expressed as mean values + SD. 

Patients undergoing leucofiltration received an average 4.2 
cycles (range 1-8). After 15 min the total leucocyte count fell 
from 16.2 + 5.3 to 10.4 + 3.3, the PMNs from 14.4 + 5.2 to 
8.3 + 4.2, and platelets from 127 + 87 to 117 + 82X10? litre. All 
of the counts returned to baseline values by the end of the 60 min 
filtration period. The average length of stay for the LF and control 
group was 206 + 118 and 214 + 196 h respectively. Four LF 
patients and three control patients died before hospital discharge. 

At 96 h, 2-way ANOVA showed that the hypoxaemia index 
was significantly improved in the LF group compared with control 
patients (P<0.001). Haemofiltration was required in three control 
patients, but none of the LF group. No complications relating to 
leucofiltration occurred during the study. The in vitro leucofiltration 
of SIRS blood produced 60% reduction (P<0.001) in the number 
of PMNs adhering to endothelial monolayers. 

In conclusion, the present study demonstrates that leucofiltration 
safely removes circulating PMNs from patients with SIRS 
following cardiopulmonary bypass. The removal from SIRS blood 
of PMNs that adhere to endothelium could reduce the sequelae of 
events that underlie organ failure in this disorder, particularly as 
lung function of SIRS patients is improved by leucofiltration 
treatment. 
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The effect of dopexamine on organ dysfunction in 
the critically ill patient 


C. Ralph!, S J Tanser!, P Nelms!, D G. Sinclair? and 
P D Macnaughton! 


1 Intensive Care Units Dernford Hospital, Plymouth PL6 8DH, UK. 
Torbay Hospital, Torquay TQ2 7AA, UK 


It has been postulated that an increase in gut hyperpermeability 
may be an important factor in the development of multiple organ 
failure and mortality in the critically ill." Dopexamine increases 
splanchnic blood flow and has been shown to maintain 
gastrointestinal integrity by reducing hyperpermeability in certain 
groups of critically ill patients.2 We have assessed the effect of a 
prolonged infusion of dopexamine in preventing multiple organ 
failure in a randomised controlled study. Organ dysfunction was 
quantified by the SOFA (sequential organ failure assessment) 
score. 

After initial resuscitation, critically ill patients predicted to 
require organ support in intensive care for more than 4 days were 
randomly allocated to receive dopexamine at 2 ug kg! min! as 
an infusion for 7 days or control. SOFA scores were performed 
daily throughout the study period using the most abnormal value 
for each parameter in each 24-h period. 

One hundred patients were recruited to the study, of whom 52 
received dopexamine. There was no significant difference in ages 
(mean (sD): dopexamine 62 yr (15.6); control 58 yr (18)), APACHE 
scores (dopexamine 20.9 (6.6); control 20.2 (5.9)), length of stay 
(dopexamine 9.7 days (1.08); control 12 days (0.94)), or survival 


Change from baseline SOFA score 





At day 4 At day 7 
n= 39-071 (0.5) n = 28 -23 (0.7) 
n = 45 -0.9 (0.5) n = 29 -27 (06) 
Table 3 
Control Shock Shock = Reinfusion 
0 min 30 min 
MAP (mmHg) H 78 44 53 88 
HNS 98 84 16 113 
SVR (dyn s cm” kg) H 45146 45200 51571 47736 
HNS 44051 74441 67220 45200 
GBF (normalized %) H 100 60 74 98 
HNS 100 45 46 92 
Lactate (mmol litre!) H 18 23 2.4 23 
HNS 1.4 3.3 45 48 


to hospital discharge (dopexamıne 23/52; control 22/48). We tested 
for a difference in SOFA scores at day 4 and day 7 compared to 
day 1 (Table 2). 

We conclude that in this group of critically ill patients a 
prolonged infusion of dopexamine did not have any beneficial 
effects in terms of mortality, length of ICU stay or organ 
failure score. 


Keywords: complications, organ failure 
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Injury abolishes the spontaneous haemodynamic 
recovery from simple haemorrhage 


B. A. Fotx, T. Rainey and R. A. Little 


North Western Injury Research Centre, University of Manchester, 
Stopford Building. Oxford Road, Manchester M13 9PT, UK 


Blunt trauma can be regarded as a combination of haemorrhage 
and tissue injurv. The haemodynamic response to haemorrhage is 
well known. We wanted to examine the effect of injury on aspects 
of the haemodynamic and metabolic response to haemorrhage. 

Young Large White pigs, anaesthetised with alphaxalone/ 
alphadolone (15 mg kg! bh™!), were subjected to a haemorrhage 
of 30% of their zotal blood volume, with or without a background 
of brachial nerve afferent nociceptive stimulation (NS) to mimic 
injury Shed blood was re-infused after a 30-min shock period. 
Haemodynamic, gut blood flow (GBF), and plasma lactate 
Measurements were made and oxygen transport variables 
calculated and analysed using repeated measures ANOVA (Table 
3). 

Haemorrhage (H) resulted in: (i) a tachycardia, (ii) hypotension, 
which recovered during the shock phase, (iii) a reduction in gut 
blood flow, which recovered during the shock phase, but, (iv) no 
increase in plasma lactate concentration. Nerve stimulation resulted 
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in the expected ‘pressor response’ of tachycardia and increased 
blood pressure. Trauma, modelled using haemorrhage with nerve 
stumulation (HNS), differed haemodynamically and metabolically 
from hazmorrhage alone: there was, (i) no recovery of mean 
arterial pressure (MAP) during the shock phase (P<0.0001), (ii) 
an immediate increase in systemic vascular resistance (SVR), 
(iii) a greater reduction in gut blood flow (P=0.012), (iv) gut 
vasoconstriction (P<0.0001), and (v) increased plasma lactate 
(P=0.043). Global oxygen consumption was unchanged despite 
a reduciion ın oxygen delivery with haemorrhage and nerve 
stimulation. The oxygen extraction ratio mecreased in the 
haemorrhage and the haemorrhage plus nerve stimulation groups, 
but this did not compensate for the greater metabolic insult 
provided by haemorrhage plus nerve stimulation compared with 
haemorrhage alone. 

So, the combination of haemorrhage plus injury (mimicked by 
afferent nociceptive stimulation) results ın greater haemodynamic 
and metabolic disruption than haemorrhage alone. This needs to 
be considered in the development of better treatments for blunt 
trauma patients. 


Keywords: complications, haemorrhage; pig 
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Indomethacin: its role in the management of 
intractable intracranial pressure (ICP) after 
severe head injury 


J. S. Bewley, A. E. R. Young and A. R. Manara 


The Intensive Care Unit, Frenchay Hospital, Frenchay Park Road, 
Bristol BS16 1LE, UK 


Intracranial hypertension that fails to respond to first line medical 
and surgical treatment after head injury is associated with a 92% 
mortality overall.! The addition of barbiturates will result in a 
good or moderate neurological outcome in 35% of patients,” 
but those with hyperaemia do significantly worse. However 
barbiturates may not be a logical choice for those patients whose 
intracranial hypertension is secondary to hyperaemia, and may be 
associated with significant complications. In these patients cerebral 
vasoconstrictors such as indomethacin may be more appropriate 
and possibly associated with fewer unwanted effects. In one study 
six out of 10 patients who received indomethacin for intracranial 
hypertension unresponsive to barbiturates survived. However it 
is unclear how many were hyperaemic since jugular venous 
saturation (Sjo,) was not monitored. We report our experience 
with indomethacin in 10 severely head-injured patients. 

Our protocol aims to maintain a target cerebral perfusion 
pressure (CPP) and ICP through the application of sedation, 
diuretics, CSF drainage, mild hypothermia, muscle relaxation and 
control of arterial carbon dioxide ( . If the ICP remains 
elevated then Sjo, is monitored. The combination of raised ICP 
and Sjo, is taken to indicate hyperaemia (absolute or relative). In 
these circumstances the patient is hyperventilated to a Paco, of 
28 mmHg and if necessary an intravenous infusion of thiopentone 
commenced. We used indomethacin infusions in 10 patients 
fulfilling these criteria of hyperaemia. In seven patients the 
hyperaemia was confirmed as absolute by demonstrating a raised 
middle cerebral artery velocity (€MCAV) with transcranial Doppler. 
The mean age of the patients was 21.2 yr (range 8-55). 
Indomethacin was infused for a mean of 3.8 days (1—11) at a rate 
of 3-11 mg h'. The effect of indomethacin | on mean (SD) ICP, 
CPP and Sjo, is shown in Table 4. 


Table 4 
ICP CPP D ei 
(mmHg) (mmHg) (% ( 
Before indomethacin 29.4 (8.14) 71.5 (687) 814(363) 29.2 (3 22) 
After indomethacin 146 (6.38) 84.7 (11.5) 692(612) 296 (3.06) 
P value 0.00025 0.017 0000069 049 
Table 5 
Withdrawal rate vs bed Cross Standard Significance 
occupancy correlation error 
3/96-2/99 0.042 0.030 P = 0.162 


At 6-month follow up there were seven survivors (three good 
recovery, three moderate recovery, one severely disabled). Three 
patients died with intractable ICP and septic shock. Two of these 
patients had associated renal failure. There were no episodes of 
gastrointestinal bleeding. Two of the three patients who died did 
not have MCAV measured, and therefore indomethacin may not 
have been strictly indicated. These results achieved in this subgroup 
of head injured patients is much better than that expected, and 
matches the outcome achieved in the overall ICU head injury 
population. Indomethacin may have a role in the management of 
raised ICP associated with hyperaemia after severe head injury. We 
recommend however that it should only be used with monitoring of 
both Sjo, and MCAV. 
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The influence of intensive care unit (CU) 
workload on decisions to withdraw treatment 
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The incidence of treatment withdrawal is increasing across Europe 
and the UK, a recent report from this unit showing that treatment 
is withdrawn in 12.5% of patients admitted to ICU and accounts 
for 60% of all deaths in the ICU.! Nationally, data from the 
Intensive Care National Audit and Research Centre (CNARC) 
report a withdrawal rate of 11.8%, accounting for over 50% of all 
deaths in intensive care.* The effect of workload on treatment 
withdrawal has not been specifically examined previously, although 
data from ICNARC suggest that treatment is withdrawn from an 
increased proportion of ICU patients in the winter months when 
the pressure on ICU facilities is known to be greatest.” 

We have collected data on treatment withdrawal prospectively 
for the 3-yr period March 1996 ~ February 1999. During this tume 
1574 patients were admitted to ICU and treatment was withdrawn 
in 200 (12.7%) patients. The daily rate of treatment withdrawal 
was correlated with the daily bed occupancy over this period. The 
time (in hours) from admission to ICU until the decision to 
withdraw treatment was made, was calculated. This was then 
correlated with the number of patients admitted to ICU on the 
day that treatment was withdrawn (Tables 5 and 6). 

These data suggest that an increase in ICU workload does not 
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Table 6 *Spearman’s rank test P=0 043 


No. of patients No. of patients Hours from admission to 

admitted daily having treatment treatment withdrawal decision 
withdrawn (median, interquartile range) 

0 21 81 (42-154)* 

1-2 135 33 (10-75)* 

3 or more 44 21 (7-93)* 


increase the frequency with which treatment is withdrawn, but 
that it does however result in the decision to withdraw treatment 
being made earlier in the course of the patient’s ICU stay. It is 
essential to ensure that the decision-making and its timing are as 
appropriate when ICU facilities are under pressure as when they 
are not. Further analysis of ICNARC data is necessary to determine 
if workload 1s a factor influencing the decision nationally. 
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MRSA: predictor of outcome in critically ill 
patients 
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Methicillin resistant Staphylococcus aureus (MRSA) infection in 
critically ill patients is associated with considerable morbidity, 
mortality and cost.! 2 In 1994, we studied 29 MRSA positive 
patients admitted to the intensive care umt (ICU). Although the 
size of population studied was too small to be conclusive, there 
was a suggestion that MRSA did not have a significant impact on 
overall mortality (unpublished observation), however, there was 
an increase in average length of stay. 

In this retrospective study, microbiology records identified 
MRSA infected/colonised patients admitted to ICU over 36 months 
(1996-1998). Patient demographics, site of isolation and hospital 
mortality were recorded. Isolation of MRSA from blood, sterile 
sites or endotracheal secretions was considered to be a surrogate 
marker of serious infection. In those patients with MRSA isolated in 
multiple sites, the most likely site for serious infection was selected 

One hundred and sixty seven patients were found to be infected/ 
colonized with MRSA and of these 59 patients had positive blood 
or sputum cultures. Hospital mortality of MRSA positive patients 
was 50.9% compared to 33.8% overall hospital mortality of all 
ICU patients. Standardized incidence ratio for death was 1.51 
(95% confidence interval 1.20-1.86) for patients with MRSA. As 
expected the number of deaths rises with age (<60 yr was 34.8%, 


61-75 yr 52.6%, >75 yr 64.4%. Odds ratio 2.74 (95% confidence 
interval 1 09-6.93) for >75 compared with <60 yr old). 

Diagnosis of MRSA from blood and sputum (group A) had a 
mortality of 44.1%, compared to 51.3% ın those with MRSA from 
screening sites (group B) (P=0.403). Whilst mortality uncreases 
with age for both groups, it rises faster in patients with MRSA in 
group B (Table 7). 

There was no difference in mortality between groups. The poor 
association between mortality and positive blood or sputum 
cultures corroborates our previous observation that detection of 
MRSA is more likely to be an indicator of poor prognosis rather 
than the cause of fatal infection. 
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A prospective study to assess the demand for a 
high dependency unit (HDU) in a district general 
hospital based on the guidelines issued by 
Department of Health (DoH) (NHS Executive) 
1996 


S. P. L. Meghjee and R J. T. Wilson 
York District Hospital, Wigginton Road, York YO31 8HE, UK 


A challenge for doctors is to identify, at an early stage, which 
patients are most likely to benefit from HDU care! * The NHS 
Executive (1996) have set guidelmes! to define the main issues 
to be considered when deciding which patients need HDU care. 

York District Hospital (YDH) has 838 beds serving a catchment 
area of approximately 300 000 people. Facilities for an ICU of 
six beds with nc HDU beds or five ICU beds with two HDU beds 
is provided. 

Over a period of 20 days (three random and 17 consecutive 
days) the main surgical and medical wards (total of five wards) 
were Visited daily by one medical investigator identifying patients 
who might have been considered for admission to HDU, had it 
been available. The following data were recorded, 


(a) Date that the patient first fulfilled the criteria for HDU 
admission. 

(b) Details of the organ system that required support. 

(c) Date that HDU was no longer considered necessary. (This 
may have been due to patient getting clinically better or 
worsened requiring either a formal admission to HDU or ICU, 
or death.) 

(d) Details of patient transfers to other wards or departments, 
mcluding ICU or other specialist units in nearby hospitals. 


The two HDU beds were also monitored consecutively for 38 
days and the same data were collected. The other medical and 


Table 7 MRSA from significant sites (Group A) vs screening sites (Group B) *Number of patients ın each group 


Age <60 yr (40)* 61-75 yr (58)* 75 yr (37)t 

Group A Group B Group A Group B Group A Group B 
Survival 58 8% 69 6% 57.17% 43.8% 50.0% 33 3% 
Mortality 41.2% 30.4% 42.3% 56.2% 50 0% 66.7% 
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surgical wards (17 wards) were not audited, except the number of 
admission from them into either HDU or ICU. 

There were 1327 admissions into the adult medical and surgical 
specialities, of which 687 were elective and 640 emergency 
admissions. The audited wards had 287 (45%) emergency and 60 
(11%) elective admissions Seventeen patients (six surgical and 
11 medical) were identified to qualify for HDU. Out of the 11 
medical patients, two (18%) patients were admitted to ICU, of 
whom one (9%) died. Nine (82%) patients umproved. Ther mean 
HDU stay was 3 days. In the surgical audited wards, six patients 
were identified of whom one (17%) was admitted to ICU. The 
other 5 (33%) got better and were discharged. Their mean HDU 
stay was 3.6 days. Two surgical patients, despite being clinically 
very ill, did not meet any categories ın the NHS guidelines. Both 
patients were admitted to ICU of whom one died. Reviewing their 
notes, the outstanding biochemical abnormality was presence of 
severe metabolic acidosis Five patients were admitted to ICU 
from the non-audited wards (total 17 wards with 353 (55%) 
emergency and 627 (89%) elective admissions during the study 
period). Twenty-seven patients were admutted to the existing HDU 
in 38 days. These were from theatre (62%), casualty (10%), wards 
(14%) and from ICU (14%). Four (14%) patients were transferred 
to ICU, of whom one (3%) died, 

From the above data, it was predicted that a six bed HDU 
would be occupied to full capacity for 100% of the time. The 
guidelines are self explanatory and easy to follow, and therefore 
should be easily implemented. To increase the specificity of the 
guidelines, we recommend addition of severe acid base disorders 
to the guidelines, 
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Prospective evaluation of a modified Early 
Warning Score to aid earlier detection of patients 
developing critical illness on a general surgical 
ward 


C. Stenhouse, S Coates, M Tivey, P. Allsop and T, Parker 
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Trust, Belvedere Road, Burton on Trent, Staffordshire DE13 ORB, UK 


Admissions to the intensive care unit (ICU) from the wards have 
a higher mortality when compared to patients admitted from the 
operating theatres/recovery and accident and emergency 
department.! Suboptimal care may contribute to morbidity and 
mortality of patients admitted from the ward.? Failure to appreciate 
physiclogical derangements of breathing and mental status has 
been Cemonstrated in patients who subsequently suffered cardiac 
arrest, and these events may have been apparent up to 8 h prior 





to the event,? 4 The Early Warning Score (EWS) was developed 
as a simple scoring system to be used at ward level utilising 
routine observations taken by nursing staff.’ Deviations from the 
normal score points and a total is calculated. 

The EWS was evaluated prospectively for 1 month. The score 
was then modified to include urine output, to make temperature 
deviations less sensitive and to include normalised blood pressure 
(Table 8). We then evaluated this prospectively for 9 months. 

A total score of 4 or more resulted in the patient being reviewed 
by ward medical staff and help sought from the intensive care 
team if appropriate. Over a 9-month penod 206 patients on two 
general surgical wards were put on the scoring system, of these 
26 were admitted to the ICU. The APACHE H scores of these 
patients was 16.6 (+ 7 3). Eleven patients were admitted to the 
ICU from the surgical ward who had not been monitored on the 
modified EWS and their admission APACHE II scores were 23.5 
(+ 4 1). This compares with admission APACHE II scores of 22 3 
(+ 5.5) m 43 patients admitted from surgical wards in the 9- 
month period prior to introduction of the system The introduction 
of the system has appeared to lead to earlier referral to the 
intensive care unit 
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Outcome in patients with acute respiratory 
distress syndrome transferred to a tertiary 
referral centre 


R. Marshall, S Webb and G. Bellingan 


Nowle Centre for Respiratory Research, University College London, 
5 University Street, London WCIE 6JJ, UK 


ARDS represents a severe and rapid form of acute lung injury 
that continues to be associated with a hugh mortality rate of 
between 40 and 70%. Approximately 1500 cases occur each year 
in the UK and although ARDS contmbutes significantly to the 
demands made on ITU resources, an individual unit may only 
expect to see a handful of cases each year. Recent guidelines 
published by the Intensive Care Society outline ‘best practice’ for 
the safe transfer of such individuals however the potential risks/ 
benefits of transfer to a tertiary referral centre remain unclear. In 
particular, ıt 1s not known whether the referral of patients later 1n 
the course of ARDS might result in a significantly worse outcome 
University College Hospitals Intensive Care Unit has a Mobile 
Intensive Care Ambulance available on a 24 h basis for the 
retrieval of critically ul patients. We have prospectively examined 
the hospital and ICU mortality for ARDS patients transferred to 
our centre. All patients admutted to the ICU fulfilling ERS/ATS 








Table 8 

Score 3 2 1 0 1 2 3 

HR <40 40-50 51-100 101-110 111129 2130 
RR <8 9-14 15-20 21-29 230 
Temp <350 35 0-38 4 38.5 

CNS Alert Voice Pain Unresp 
Urne output Nil <l mi kg? 2b! <1 mkg’ br! >3 ml kg 2 h”! 

Systoliz BP >45% 30% 15%} Normal for patent 15%T 30%T >45%T 
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Table 9 Values represent mean (sD). P values represent results of Student's t- 
test except *chi-squared test 


Transferred In-hospital P 

group group value 
Age (years) 48 (22-78) 50 (18-77) 066 
APACHE II score 20 (7) 21 (7) 0.8 
SAPS 2 score 37 (15) 33 (22) 0 26 
ICU mortality 39.6% 310% 0 064* 
Hospital mortality 47.9% 34 5% 0 00047* 
Days after diagnosis on admission 1.9 (8 9) -29 (4.4) 0.013 


consensus criteria for ARDS were identified over a period of 21 
months. Clinical and demographic data were recorded onto a 
computerized database. ICU and hospital mortality were also 
recorded for all patients, including those subsequently transferred 
back to their referring hospital. 

A total of 77 patients were identified. Table 9 summarizes the 
admission and outcome data. Overall ICU and hospital mortality 
was 36.4% and 42.8% respectively, and compares favourably with 
published series. 62 3% of all ARDS patients were transferred 
from outside hospitals at an average of 1.9 days after the diagnosis 
of ARDS. No significant complications occurred during transfer. 
There were no significant differences in admission severity scoring 
(APACHE II or SAPS 2 criteria) or in baseline demographics 
between the transferred and ‘in-hospital’ groups. There was no 
difference in ICU mortality between the groups however hospital 
mortality was higher in the transferred patients (84% of patients 
leaving the ICU were transferred directly back to their referring 
hospital). In conclusion, the ICU mortality for patients transferred 
with ARDS in this series was no greater than an in-hospital cohort, 
despite admission at a later time after diagnosis. The transfer of 
patients with ARDS should be considered potentially safe and 
may be appropriate for the purposes of accessing specific clinical 
resources or involvement in therapeutic trials. 
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Intensive care for severe falciparum malaria; a 
retrospective study of clinical course and outcome 
of 53 cases managed in a London teaching 
hospital 


S. Webb!, M. Evans’, S. Batson’, R Jennings’, D. Mabey”, A Webb! 
and G. Bellingan! 


‘Intenstve Care Unit (ICU) and *Hospual for Tropical Diseases (HTD), 
University College London Hospitals (UCLH), Mortimer Street, London 
WIN 8AA, UK 


Imported falciparum malaria is mcreasing in incidence in the UK 
and carnes a mortality of 0.7%.' A total of 53 patients were 
admitted to the UCLH ICU between January 1994 and August 
1999, 13 in the 36 months January 1994 and December 1996 and 
40 in the 31 months January 1997 to date. 

Results are shown in Table 10. Mechanical ventilation was 
required for 8.5 (sD 7.4) days and haemofiltration for 9.2 (6.8) 
days. All sıx patients who died were mechanically ventilated and 
haemofiltered. Survival in those who required both ventilation 
and haemofiltration was 8/14 (57%), this increased to 68% for 
ventilation alone and 71% for haemofiltration alone. 

This report describes the largest cohort of imported falciparum 
malaria in adults requiring intensive care in the western world 
The number of ICU admissions increased significantly after 1996 
and the mortality fell dramatically This was associated with a 
reduction in severity of illness (significantly lower APACHE II 


Table 10 Data are presented as mean (SD). Student's t-test and Fisher’s Exact 
teats were used as appropnate Parasitaemia is defined as the parasite count 
on admission to the ICU, thrombocytopema as a platelet count of <20X10° 
litre"!, cerebral dysfunction as a reduction in Glasgow coma score or fits, and 
renal and pulmonary dysfunction as the requirement for haemofiltration or 
mechanical ventilation 





Patients Total Pre 01/01/97 Post 01/01/97 P 
Age 45 (17-23) 39 (24-62) 47 (17-83) NS 
APACHE II 18 (9) 23 (11) 16 (7) 0.013 
% Parasitaemia 13 (13) 20 (13) 11 (12) NS 
Deaths 6/53 (11%) 5/13 (38%) 1/40 (3%) 0002 

Organ dystunction 
Thrombocytopenia 18/38 (47%) No data 18/38 (47%) 

Renal 19/53 (36%) 8/13 (62%) 11/40 (28%) 0.044 
Pulmonary 19/53 (36%) 8/13 (62%) 11/40 (28%) 0044 
Cerebral 18/53 (34%) 4/13 (31%) 14/40 (35%) NS 


score, mean parasite count and reduction in organ support) but a 
greater fall in the standardised mortality ratio (SMR). APACHE 
II mortality prediction fell from 62 to 28% and the SMR from 
0.95 to 0.08, suggesting outcome may have improved. The reasons 
for the significant increase in admissions include a slight increase 
in imported malaria in the UK (a mean of 1191 per annum cases 
over 1994-96 to 1370 per annum cases 1997-98).! However, 
earlier referral, greater awareness and close collaboration between 
referring hospitals, HTD and our ICU must account for most of 
this altered practice. Reasons for the reduction in mortality mclude: 
(i) Earlier referral of patients before they become critically unwell. 
(ii) Referral of patients for high dependency care. (11) Altered 
pattern of care in ICU — pnor to 1997 there was a tendency to 
restrict fluid in severe malaria and only admit patients with severe 
organ failure. More recently, practice has changed with earlier 
admission. careful haemodynamic monitoring and avoidance of 
hypovolaemia. (iv) Greater use of exchange transfusion. (v) 
Expertise may have improved as a result of increased case 
exposure. 
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Effect of pro- and anti-inflammatory agents on 
the clearance of macrophages from the inflamed 
peritoneal cavity 
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Macrophages are cleared from the inflamed peritoneal cavity by 
active emigration through the mesothelial lining to the draming 
lymph nodes and this represents a key aspect of the resolution of 
the inflammatory response. We have previously shown in murine 
models that the clearance of inflammatory macrophages from 
resolving acute peritonitis is rapid (half-life <2 days) compared 
with resident macrophages from the non-inflamed peritoneum 
(half-life > 14 days). The mechanisms which control the differences 
in these rates of clearance are unknown but we hypothesized that 
macrophage adhesion interactions may regulate inflammatory cell 
clearance. 

To determine if macrophage adhesion altered during the course 
of peritonitis we examined the ability of macrophages lavaged at 
different times over the course of acute peritonitis to adhere to 
mesothelial cells in vitro In our murine model of acute 
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peritonitis —- i.p. 4% Brewers thioglycollate (TG), macrophage 
numbers were shown to peak within the peritoneum at day 5 after 
challenge and decline to control levels by day 10 through to day 
14. Inflammatory cells (>92% macrophages) were collected at 5- 
14 days after challenge, fluorescently labelled with the cell tracking 
dye CMFDA, and added in equal numbers (1X105 cells well’) 
to confluent monolayers of mesothelial cells (transformed 
mesothelial cell line — MetSA) in 96 well culture plates. After 
45 min adhesion, non-adherent cells were washed off and the 
number of adhered cells determined using a fluorescent plate 
reader. With adhesion of non-inflamed resident macrophages taken 
as control, the macrophage population lavaged 5 days after TG 
challenge exhibited a 31 (3.4)% (mean (sD)) greater adhesion to 
the mesothelial layer than controls, this had decreased to 26 (5.2)% 
Jess than controls by day 14 (P<0.05, n=10) demonstrating that 
macrophage-mesothelial adhesion was under dynamic control over 
the course of peritonitis. To determine if clearance could be altered 
in vivo we fluorescently labelled day 5 macrophages in vivo by 
intra-peritoneal (i.p.) injection of the fluorescent label PKH26- 
PCL prior to exposure to either ip Escherichia coli LPS (50 ug 
animal! n=7) or i.p. methylprednisolone (1 mg animal! n=5) 
as pro- and anti-inflammatory agents respectively. Controls were 
injected with the same volume of water i.p. (n=7). All mice were 
sacrificed 4 days later and the number and per cent inflammatory 
macrophages remaining in the peritoneal cavity determined by 
flow cytometry. Compared with controls LPS induced a 72 (12)% 
reduction and methylprednisolone induced a 23 (8)% increase in 
the percent fluorescently labelled macrophages recovered 
(P<0.05). The total number of macrophages (fluorescently labelled 
and non-labelled newly labelled macrophages) recovered was 
similar in all three groups suggesting that altering the activation 
state can significantly increase or decrease the cycling of 
macrophages through the peritoneal cavity. The effects of these 
alterations on the resolution of inflammation await elucidation. 
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The detection of circulating endothelial cells in 
human septic shock 
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The vascular endothelium has a central role in the control of 
microvascular tone and it has been hypothesized that vascular 
endothelial damage occurs in septic shock, producing multi- 
organ failure.' Isolated endothelial cells (EC) exposed to pro- 
inflammatory cytokines and other mediators upregulate surface 
adhesion molecules, synthesize vasoactive compounds and express 
pro-coaguiant factors. However, there is little direct evidence of 
EC damage in human sepsis due to the inaccessibility of the 
vascular endothelium. Circulating EC have been detected in a 
number of vascular diseases including coronary artery and sickle 
cell disease. We therefore hypothesized that circulating EC would 
be detectable in septic shock. 

Cell seeding experiments were initially performed to validate 
the isolation method. Known concentrations of human umbilical 
endothelial cells (HUVECS) were seeded into whole blood and 
recovered by an isopycnic centrifugation method using Percoll 


Table 11 Numbers of circulating endothelial cells mi~ of blood (SEM) 


Controls ITU controls Septic patients 

(a= 11) (a = 9) {a = 15) 
Factor VIII +ve cells 1.9 (05) 26 (06) 30.1 (3 3) 
KDR +ve cells 0.7 (0 3) 0.5 (0.2) 10 4 (1.2) 


suspension, EC were identified using antibodies to Factor VII 
and the vascular endothelial growth factor receptor, KDR by 
an indirect immunofluorescence technique using FITC and PE- 
conjugated secondary antibodies. EC were counted using an 
inverted fluorescence microscope and expressed as recovered cells 
per ml of blood. A recovery rate of over 90% was achieved with 
cell concentration between 50 and 100 cells ml!. At a dilution 
of 10 cells mi! recovery fell to less than 40%. Non-specific binding 
was assessed using isotype control antibodies and subtracted from 
the final count. 

Blood samples were taken from freshly placed and flushed 
venous lines from 11 healthy volunteers, nine ventilated ICU 
control patients without sepsis and 15 patients with septic shock 
The cells were separated, identified and counted as described 
above. Cell counts using the Factor VID antibody were consistently 
higher than those usmg KDR but correlation between the two 
counts was high (r=0.98) (Table 11). 

There was a significant increase in circulating EC, identified 
with both Factor VIH and KDR, in patients with septic shock, 
compared to both healthy volunteers and ICU controls (P<0.001; 
ANOVA). EC were also successfully cultured from seven patients 
with sepsis. Circulating EC can be identified and isolated during 
septic shock. This suggests that endothelial disruption is occurring 
in human sepsis. 
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Evaluation of the Oxford protocol for total spinal 
clearance in the unconscious trauma patient 


R. A. Brooks and K. M Willett 


Department of Trauma, John Radcliffe Hospital, Headley Wary, 
Headington, Oxford OX3 DDU, UK 


Background: All patients admitted to an intensive care unit 
following significant blunt trauma must be assumed to have a 
spinal fracture until proved otherwise. Plain radiology alone is 
not reliable in excluding a fracture of the cervical spine and there 
is controversy regarding the investigations required to clear the 
spine in the unconscious patient.! ? Prolonged immobilization of 
the spine enforces a recumbent position and is associated with 
significant morbidity including occipital and mental pressure sores 
and reduced cerebral perfusion pressure.? A protocol has been 
developed at the Trauma Unit of the John Radcliffe Hospital to 
enable safe and early discontinuation of spinal immobilization ın 
the unconscious trauma patient. 

Methods and results: Assessment of the spine ın the unconscious 
multiply injured patient at the Trauma Service at the John Radcliffe 
Hospital, Oxford, since April 1994 includes plain anteroposterior 
and lateral radiographs of the whole length of the spine, CT 
scanning of Cl and C2 and dynamic flexion and extension 
screening of the cervical spine under fluoroscopic control. 
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The results of this policy over a 3.5 yr period ın 216 consecutive 
patients admitted to the intensive care unit were reviewed. 

Forty-one patients had a spinal fracture. Nineteen patients had 
a fracture at more than one level and these were non-contiguous 
in nine patients. The diagnosis of spinal fracture was made prior 
to extubation in all but two patients who died before investigations 
were completed. Three patients developed occipital pressure sores 
relating to prolonged use of a rigid cervical collar. 

Seventy-eight patients underwent dynamic screening of the 

cervical spine. Five of these patients had a cervical fracture or 
instability. Three had been identified on plain radiography but 
screening was used to determine stability. In another patient, a 
stable spinous process fracture became visible on screening. The 
fifth patient demonstrated mmor changes on plain radiography but 
gross instability on dynamic screening. There were no neurological 
sequelae in these or any other patients. Collar removal was 
therefore possible in all but one patient a median 3 days prior to 
extubation and one day after admission to ICU. 
Conclusion: In our limited study a full length spinal radiography 
protocol with CT scanning of C1 and C2 and dynamic screening 
of the cervical spine allows early and safe discontinuation of spinal 
precautions to facilitate nursing care and minimise complications 1n 
the unconscious patient. 
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The characteristics of patients given 
antidepressants while recovering from critical 
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Antidepressants are occasionally given to recovering intensive 
care (ICU) patients, either while in ICU, or shortly afterwards on 
the ward. However there is little research on what characterizes 
these patients or their longer term psychological recovery. As 
part of a larger rehabilitation study data were collected on the 
charactenstics of ICU patients receiving antidepressants while in 
hospital and their progress up to 6 months post ICU. 

Recovering ICU patients were approached once it was clear the 


patient was expected to survive to 6 months. A record was made 
of antidepressant medication and depression was assessed using 
the Hospital Anxiety and Depression Scale (HAD). Psychological 
recovery was assessed at 2 and 6 months post ICU using the 
HAD! and the Fear questionnaire? to record panic attacks/phobias 
and physical recovery was similarly recorded using the SF-36. 

Seventy-six patients completed the HAD at 2 weeks, 2 months 
and 6 months post ICU, All the patients had been intubated and 
had had an ICU stay 48 h, 18 had received antidepressants 
either in the ICU or shortly afterwards on the ward for a clinical 
diagnosis of depression. Patients receiving antidepressants were 
much more likely to have had a longer ICU stay and a longer 
hospital stay (see Table 12). 

The fear questionnaire scores were not related directly to the 
length of ICU stay. The questionnaire allows the examunation of 
which particular areas patients are having difficulty with. Patents 
receiving antidepressants were becoming panicky travelling alone, 
being alone in a busy street or far from home, and going 
shopping alone. 

The data suggest that the use of antidepressants at times may 
be inappropnate. The difficulty of establishing the diagnosis of 
depression in ICU may mean that only soft clinical criteria are 
used. This is more likely to occur in longer stay patients. Passivity 
due to a learned helplessness state may be diagnosed as depression 
while patients are mtubated. This would fit with these patients 
having difficulty performing activities alone. Alternatively a 
subdued anxiety state may be similarly being misdiagnosed as 
depression. 
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The aim of this study was to look at the proportion of relatives 
still anxious at 2 and 6 months post ICU discharge and the 
incidence of post traumatic stress disorder (PTSD). 


Table 12 Association between antidepressant use and length of hospital stay. Mann-Whitney U * Z = —2 289, P = 0021, ** Z = ~3.156, P = 0.002, 


++ Z = ~2.616, P = 0.009 





Patient characteristics Antidepressants (n = 18) No antidepressants (n = 58) 
ICU stay in days (median, range) 18.5 (5-77)* 8 (1-110)* 
Hospital stay in days (median, range) 57 5 (23-217)** 27 (12-257)** 
Depressed 2 weeks post ICU (HAD > 10) 5 (28%) 8 (14%) 
Premorbid panic attacks/phobias 3 5 
Premorbid depreasion { 3 
Post hospital discharge 
Fear questionnaire at 2 months 32 (0-64)""* 10 (0-61)*** 
Depressed at 2 months (HAD >10) 4 (22%) 7 (12%) 
SF-36 physical role at 2 months (median, range) 25 (0-90) 30 (0-100) 
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Table 13 Level of amuety among relatives 


Prychological variable 2 months (a = 54) 6 months (n = 38) 
Very anxious (HAD >10) 15 (28%) 12 (32%) 

JES scores (median, range) 29.5 (0-62) 33.5 (0-69) 
Possible PTSD IES scores >21 32 (60%) 20 (37%) 


Anxiety amongst relatives of intensive care (ICU) patients is 
understandable while patients’ remain critically ill and 60% of 
relatives remain anxious at 2 weeks post ICU discharge.! However 
the longer term psychological consequences of this degree of 
prolonged stress have not been examined. 

-The closest relative of recovering ICU patients was approached 
once it was clear the patient was recovering and expected to 
survive ta 6 months. Anxiety was assessed using the Hospital 
Anxiety and Depression Scale (HAD) and vulnerability to PTSD 
using the Impact of Event Scale (IES). 

Fifty-four ICU patients and their closest relative were 
interviewed at 2 months, but only 38 relatives completed 
questionnaires at 6 months AH the patients had been intubated 
and had had an ICU stay >48 h with a median APACHE II score 
16. While the level of anxiety amongst relatives was reduced from 
that seen at 2 weeks a third still remained very anxious at 2 and 
6 months (see Table 13). 

TES scores at 6 months were predicted by the IES scores at 
2 months and anuety at 2 weeks and at 2 months (ANOVA P = 
0.0001, 0.007, 0.05 respectively). 

Of the 20 relatives with high IES scores at 6 months, all 
reported intrusive memories of ICU and avoided reminders of the 
experience. All these relatives had been very anxious at 2 weeks 
post ICU; however 60% of relatives were anxious at this point. 
To increase the predictive power relatives with HAD anxiety 
scores of >13 at 2 weeks were examined; of these 12 had high 
TES scores at 6 months and three did not. 

This study suggests that anxiety levels amongst close relatives 
of ICU patients remains high for several months after discharge 
from ICU. The predictive power of early anxiety, particularly 
HAD scores > 13, and the IES at 2 months for later psychological 
morbidity could allow the targeting of an intervention, such as 
counselling, with the aim of preventing the development of 
established PTSD in relatives of ICU patients. 
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Combined high frequency ventilation and kinetic 
therapy for the management of severe hypoxia in 
adult respiratory distress syndrome 
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Pressure controlled inverse ratio ventilation (PCIRV) is often used 
as the initial therapeutic manoeuvre to improve oxygenation in 
severe adult respiratory distress syndrome (ARDS). When this 
alone fails, however, there ıs no consensus as to which therapy to 
resort to. We have used combined high frequency ventilation 
(CHFV) along with kinetic therapy (KT) to treat three patients 
with ARDS and resistant hypoxia. The basis for this treatment 
was our previous clinical observation that the two techniques 


Table 14 Effect of therapy on oxygenation im the three patients 


Stage of therapy PaoJ/Fio, 
Patient 1 (a) PCIRV alone 73 

(b) Lh 24.4 

(c) 24h 31 06 
Patient 2 (a) PCIRV alone 122 

(b) 1h 18.5 

(c) 24h 235 
Patent 3 (a) PCIRV alone 127 

(b) Lh 17.2 

(c) 24h 200 


together produced a greater improvement in oxygenation than 
either used alone. 

In CHFV a Monsoon jet ventilator was used to superimpose 
high frequency jet ventilation (rate 300 cycles min“, inspiratory 
time 0.3, driving pressure 1 bar) on pressure controlled ventilation 
(rate 10 breaths min™!, inspiratory pressure 30 mbar). At the same 
time patients were positioned on a kinetic therapy pressure relief 
low air-loss bed (KCT) and rotated through a total angle of 90°. 
Three P values for each patient are shown in Table 14 
and these correspond to (a) PCIRV alone (b) after 1 h of combined 
therapy and (c) after 24 h of combined therapy. 

The combination of CHFV with kinetic therapy produced 
improvement in oxygenation in all patients. Each of these 
individual therapies is believed to act through a different 
physiological mechanism.! ? It is possible that the two together 
may, therefore, produce greater improvement than either therapy 
applied on its own. The number of such cases that present to one 
institution limits our small study, but we believe the significant 
improvement in oxygenation warrants further mvestigation. 
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An assessment of event related potentials in response to a series 
of clicks or tone bursts has been shown to be a highly specific 
predictor of recovery from coma caused by head injury.’ There is 
anecdotal evidence that patients in coma may be roused by 
emotionally significant stimuli like the sound of their own name. 
In non-attending normal subjects, the electrical response to the 
sound of their own name among a series of abstract tones includes 
both the ‘mismatch negativity’ (a protracted negativity following 
the Ni component of the auditory evoked response) and 
subsequently a P300. The latter is generated by mechanisms 
involved in recognizing the meaning of a stimulus. We 
hypothesized that such stimuli may be more powerful probes of 
residual function and thus more sensitive predictors of recovery 
from coma than responses to simple tones. 

We recorded the responses to tone bursts interspersed at irregular 
intervals with the person’s name (spoken by a relative) in 21 
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Table 15 The incidence of P300 evoked by the patient’s. name in those who 
survived and those who died 





Recording early in coma Best recording during coma 


Outcome P300 absent P300 present P300 absent P300 present 





Alive 6 6 2 10 
Dead 9 0 9 0 





patients in coma (Glasgow Coma Score (GCS) <8 post- 
resuscitation) due to head injury (14), subarachnoid haemorrhage 
(6) and hepatic encephalopathy (1). 

Mean GCS on admission of the 21 patients was 4.4 (SD2.0). 
The initial recording was made within 3-4 days of onset, and 
subsequent recordings were made twice weekly until recovery of 
consciousness or treatment was withdrawn. Outcome was assessed 
at 6 months on the Glasgow Outcome Score (GOS). Of the 12 
patients who survived, five had a GOS of 5 (Good Recovery), 
five a score of 4 (Moderate Disability) and two had a score of 3 
(Severe Disability). 

Table 15 shows the incidence of P300 evoked by the patient’s 
name in those who survived and those who died. Eventually it 
was present in all but two who made a good recovery and none 
of those who died All of those in whom P300 was present 
survived; however its absence early in coma 1s not predictive. 
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The protective effect of cuff lubrication in 
critically ill patients with tracheostomies 
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Aspiration of infected secretions past the tracheal tube cuff causes 
ventilator associated pneumonia (VAP).! This aspiration occurs 
despite an adequate intracuff pressure, because the fluid leaks 
along longitudinal folds within the wall of a high volume low 
pressure (HVLP) cuff.” Previous in vitro work has suggested that 
KY jelly cuff lubrication might prevent this leakage by physically 
blocking the folds.? The objective of this study is to quantify the 
effect of cuff lubrication on subglottic to tracheal dye aspiration 
in critically ill patients with tracheostomies. 

Methods: This is a prospective open observational study 
Seventeen critically ill patients who required a tracheostomy were 
recruited. All the study patients initially received a size 8 mm ID 
Portex Profile cuffed tracheostomy tube at percutaneous 
tracheostomy by the Gngg’s technique. Lubncation was 
determined by the preference of the clinician performing the 
percutaneous tracheostomy. All the tracheostomy tubes had been 
modified by the addition of a fine bore catheter that was glued 
above the cuff to enable dye instillation into the subglottic space. 
The cuff was inflated to 30 cm H30 (2.9 kPa) and maintained at 
this pressure by intermittent checks prior to dye instillation and 8 
hourly using a cuff inflator (Portex, UK). Blue food dye (E122) 
0.5 ml followed by saline 3 ml was istilled daily through the 
catheter into the subglottic space. The nurse responsible for the 
patient was instructed to report dye obtained from tracheal aspirates 
(performed post instillation and at least 4 hourly thereafter). 
Tracheobronchial aspiration was deemed to have occurred if dye 


was retrieved from the trachea. The Wilcoxon rank sum test was 
used for the data analysis 

Results: Sixteen of the 17 cuffs leaked after a median of 1 day. 
One cuff did not leak despite 10 days of testing. Of the cuffs that 
leaked, nine cuffs were lubricated and leaked after a median of 2 
days (range 1-5) and seven cuffs were not lubricated and leaked 
after a median of 1 day (0-1). Lubrication thus appeared to protect 
against leakage for longer than non-lubrication (P<0.05, Wilcoxon 
rank sum test for unpaired samples). 

Conclusion: This study suggests that cuff lubrication affords 
protection against aspiration for 1-5 days. Clinicians should be 
aware that a HVLP cuff cannot reliably prevent the transit of fluid 
from the upper airway to the lungs after a median of 2 days even 
with lubrication. Occasionally a HVLP cuff will be an exact fit 
for the trachea in which it is inflated and folds will not form in 
the cuff wall. In this circumstance leakage is prevented. It 1s likely 
that the one cuff that did not leak despite 10 days of testing was 
an exact fit for that patient’s trachea. Until a cuff is available that 
prevents aspiration at acceptable tracheal wall pressures we would 
recommend that all tracheal and tracheostomy cuffs are lubricated 
with KY jelly prior to insertion 


Keywords: cuffs, tracheal, intubation tracheal, complications; 
complications, intubation tracheal 
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Ultrasonography of the femoral vessels in the 
groin: implications for vascular access 


P. Hughes, C. Scott and A Bodenham 
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The femoral artery and vem are commonly used to access the 
circulation.’ Accidental puncture of one vessel whilst attempting 
to cannulate the other occurs commonly. Ultrasound is a useful 
tool to assist cannulation of vessels.” Clinical use of ultrasound 
by us casts dcubt on the accepted belief that anatomically the two 
vessels lie side by side. Using ultrasound we imaged these two 
vessels in the groin, to determine the optimal site for percutaneous 
cannulation that would reduce the risk of hitting the other vessel. 

Approval for the study was obtained from the local ethics 
committee. Fifty consecutive admissions to general or 
neurosurgical intensive care were studied. Patients were excluded 
if they already had femoral vascular cannulae, a history of pelvic 
trauma, or recent vascular surgery involving the femoral vessels. 
Patients were examined supine by one of the authors using a 
portable ultrasound mache and a 7.5 MHz linear probe (Scanner 
100, Pie Medical Ltd, Crawley, UK). Both groins were examined 
in each patient. The position of the inguinal ligament was defined 
by taking a straight line from pubic tubercle to anterior superior 
iliac spine. The vessels were located in cross section and ultrasound 
images were obtained at the level of the inguinal hgament then 
2 cm and 4 cm below it. The size, separation and depth of the 
vessels together with the extent to which one vessel overlapped 
the other were measured. The position of surface anatomical 
landmarks and the level of the division of the common femoral 
artery as seen on ultrasound were recorded. Analysis of the data 
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describing the anatomical relationships observed was performed 
using a Chi-squared test. 

The vessels were easily visualized in all but one patient. In 
most patients there was some degree of overlap of the artery over 
the vein. This frequency and degree of overlap increased as the 
vessels descended into the thigh. At the level of the inguinal 
ligament in the majority of patients there was no vessel overlap 
observed (in 72% of the patients on the right side and 59% on 
the left side). In virtually all the patients 4 cm below the ligament 
some degree of overlap was observed (100% of patients on the 
right side and 96% on the left side), and in approximately half of 
the patients the overlap was complete (50% and 45% on the nght 
and left zespectively). Chi-squared analysis of the data-table 
describing the pattern of overlap related to distance below the 
inguinal ligament showed that the relationship observed was 
Statistically significant on both sides (P<0.05). 

To avoid damage to the neighbouring vessel percutaneous access 
should be undertaken just below the inguinal ligament as defined 
by a straight line from pubic tubercle to anterior superior iliac 
spine. The anatomical variation and difficulty in establishing 
external Jandmarks suggests that ultrasonography should be used 
more frequently to aid accurate placement, particularly in the 
higher risk patient with difficult anatomy, coagulopathy or 
peripheral vascular disease 


Keywords: arteries, cannulation; equipment; 
techniques, ultrasound; veins, cannulation 
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Undergraduate education on the intensive care 
unit 
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The Intercollegiate Board for Training in Intensive Care Medicine 
has recommended that medical students should be exposed to a 
period of structured traming ın intensive care.! The importance of 
training in the management of the critically ill patient has also 
been emphasized by the General Medical Council.” The current 
state of medical student training in intensive care is not known. 
We performed a questionnaire study to investigate the level of 
undergraduate experience of intensive care nationally. 

A questionnaire was sent to the director of each intensive care 
unit (ICU).3 The questionnaire asked about the number of medical 
students attached to the ICU, the duration of the attachments, 
teaching and assessment procedures and satisfaction with the 
present situation. It also asked about potential problems 
experienced by medical students. Another questionnaire was 
piloted to groups of first and fourth year medical students. This 
questionnaire asked about the usefulness of undergraduate intensive 
care trammg, the students experience of such training and 
possible problems. 

The response rate for the ICU questionnaire was 155/267 (58%). 
Medical students were attached to 79 (51%) of responding ICUs, 
26 (33%) of attachments were for one day and 73 (92%) for a 
month or less. Of the units offering attachments, 50 (63%) receive 
10 students or fewer each year and 15 (19%) receive more than 
25 students annually. One unit offered a first year attachment; 53 
(68%) offered final year attachments. During the attachments, 57 
(72%) of units gave up to 5 h of teaching each week and 42 
(43%) assessed the students during the module, usually by a 


written report. Of the respondents 39 (49%) were dissatisfied with 
the level of intensive care experience gained by students and most 
thought intensive care was a vital part of undergraduate training. 
The technical atmosphere and clinical complexity of intensive 
care were thought to be potential problems by 40% and 36% of 
respondents. Twenty-five first year and 25 fourth year medical 
students completed the student questionnaire. Of these, 46 (92%) 
thought it should be possible to spend some time on the ICU 
before graduating and 47 (94%) thought the third year the most 
appropriate time. More students (41 (82%)) believed that the 
technology and complexity of intensive care were important 
problems in intensive care teaching. 

Few medical students are exposed to intensive care during their 
undergraduate training and then for only a short time. There is 
dissatisfaction from students and intensivists with the current level 
of undergraduate intensive care experience. The technology of 
intensive care and the complexity of the clinical problems are 
perceived as problems by students but not by clinicians. The ICU 
is a valuable resource for training knowledgeable, skilful doctors; 
at present that resource is underused. 
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The perceived and actual use of healthcare 
resources following intensive care 


K. E. Hawes, C. Kneebone and M. P. Shelly 


Intensive Care Unit, Withington Hospital, Nell Lane, Manchester 
M20 2LR, UK 


Intensive care is often viewed as expensive and cost benefit 
analysis has become an essential part of its evaluation. Initially 
simple mortality statistics were used but now more complex 
measures such as quality of life! scores are employed. The complex 
physical and psychological consequences of an episode of critical 
illness may influence the patient’s quality of life.2 Their use of 
healthcare resources may reflect their health needs and this has 
the potential for considerable resource and cost implications.’ This 
pilot study was performed to investigate the perceived and actual 
use of healthcare resources by patients following an episode of 
critical illness. 

Surviving patients were identified who had spent more than 4 
days on the intensive care unit (ICU) and been discharged 6-12 
months earlier. The patients were interviewed using a semi- 
structured format. Questions were asked about their use of 
healthcare resources since discharge compared with a period 
before theur ICU admission. A perceived quality of life scale was 
completed and details of the patient’s employment status were 
recorded. At the interview, consent was obtained from the patient 
to refer to their medical records and note their actual healthcare use. 

Seventeen patients (10 men) were interviewed, aged 59 (31- 
77) (median (range)). There was a significant increase 1n both the 
perceived and actual use of healthcare resources since discharge 
from the ICU. This increase was in both the number of different 
healthcare workers seen (1.82 vs 5.18 mean number of healthcare 
workers/patient; 65% increase; P<0.0001) and the number of 
visits made (1.88 vs 4.88 mean number of outpatient appointments/ 
patient; 61% increase; P = 0.004). The patient’s perceived quality 
of life had decreased significantly following their critical illness 
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(82.3 vs 66.1%; 16.2% decrease; P = 0.005). Employment status 
also changed with a significant increase in those retired or disabled. 
The use of healthcare resources correlated with the age of the 
patient (P = 0.022) and their change in perceived quality of 
life (0.04). 

This pilot study demonstrates that health is an important issue 
for patients following intensive care. In the 6 months after 
discharge from the ICU, the majority of patients continue to 
experience health problems. This is reflected in their increased 
use of healthcare resources and their reduced quality of hfe. The 
provision of healthcare for this group has significant resource and 
cost implications. 
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Post mortem findings reveal major diagnostic 
errors in one fifth of patients who die in a critical 
care unit 
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A study was performed to determme the accuracy of clinical 
diagnosis compared with post mortem findings in a nine bed 
combined high dependency and intensive care unit in a district 
general hospital (DGH). One hundred and two consecutive post 
mortem examinations, performed over a 3-yr period, were analysed 
using a retrospective and blinded review of medical records. All 
notes relating to post mortem findings were removed from the 
medical records which were then reviewed by an intensive care 
consultant. Cause of death and major clinical diagnoses were 
determined and compared with post-mortem findings. 

All patients ın whom a discrepancy was found had their cases 
reviewed by a panel of three intensive care clinicians and a 
consultant surgeon to determine the significance of the discrepancy 
using the Goldman classification.! A Goldman I discrepancy is a 
missed major diagnosis that if known in life would have altered 
therapy and possibly survival. A Goldman I discrepancy is a 
missed major diagnosis that would not have altered therapy 
or survival. 

Between June 1996 and May 1999 there were 1718 admissions 
and 252 deaths (14.7%), of which there were 102 post mortems 
performed (post mortem rate of 40.5%). Two patients were 
excluded, being under 16 yr of age, and the notes of three patients 
were unobtainable 

Of the 97 patients, 4 (4.1%) had Goldman I discrepancies, and 
19 (19.6%) had Goldman II discrepancies. Complete agreement 
between pre and post mortem diagnosis was found in 74 (76.3%). 
Discrepancies fell mto four main groups, unrecognized 
haemorrhage (7 patients), pulmonary emboli (5), myocardial 
infarction (5), and infectious complications (4). There was a higher 
proportion of surgical patients with discrepancies (discrepancies 
in 13 out of 30 surgical patients, 43%), compared with medical 
patients (7 out of 40, 18%). The four Goldman I discrepancies were 
unrecognized gastrointestinal haemorrhage, untreated pulmonary 
embolus, missed septic arthropathy and unrecognized valvular 
heart disease 


This is the first analysis of discrepancies ın post mortem 
findings in a DGH critical care unit (CCU). Previous studies have 
concentrated on specialized tertiary referral centres.?~* There are 
a higher mumber of unrecognized haemorrhagic complications 
than in previous studies.” 5 

This study reveals that in a CCU important diagnostic errors 
were made in 19.6% of all patients who subsequently die. In a 
fifth of these (4.1%), diagnostic errors may have adversely affected 
their survival Post mortem examinations have a significant part 
to play in auditing clinical practice and diagnostic performance 
ın intensive care medicine. 
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Response to inhaled nitric oxide in patients with 
ARDS and renal failure 
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Inhaled nitric oxide (NO) has successfully been shown to improve 
oxygenation in patients with acute respiratory distress syndrome 
(ARDS).! This success has not been matched by reduced mortality.” 
In many of these studies, poor outcome has been influenced by 
the poor prognosis of underlying conditions e.g. multiple organ 
dysfunction syndrome. We aim to show that patents in renal 
failure are much less likely to respond to NO compared to those 
with normal renal function, and that our use of NO ın patients 
with renal failure was associated with high mortality. 

Method: Between January 1996 and January 1999, data were 
collected on patients treated for ARDS with inhaled NO on the 
ICU at the RLUH. Patients were treated according to the UK 
guidelines for the administration of NO in adult ICUs.‘ Patients 
were included if they had a P: Fio, ratio of <200 (mmHg) with 
X-ray evidence of ARDS including bilateral pulmonary infiltrates. 
Renal failure was defined by decreased urine output (<400 ml 
day”) along with raised serum creatinine of 200 pmol litre! 
No distinction was made between acute or chronic renal failure. 
An in-house purpose built continuous-flow system was used to 
deliver NO into the inspiratory limb of the ventilator circuit, distal 
to the humidifier. NO and nitrogen dioxide were monitored using 
chemo-luminescent sensors ‘Micromedical Printernox’ placed at 
the Y-piece of the circuit. The flow of NO was adjusted to maintain 
a measured value of 10-20 ppm. A patient was regarded as having 
responded to NO if the Pag,/Fip, ratio improved by 20% in the 
first 24 h of therapy.* A patient was regarded as a survivor if they 
were discharged alive from ICU. 

Results: 28 patients received inhaled NO. Twelve (42%) of these 


Table 16 Mortality figures 


No. of deaths/total no. of Responders Non-responders 
patients in the group (n = 21) (n= 7) 
Without renal failcre ' 6/14 (42%) 2/2 (100%) 
With renal failure 4f7 (57%) 5/5 (100%) 
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patients had renal failure. Of the 16 patients without renal 
ımparment, 14 (88%) responded to NO. Only 7/12 (58%) 
responded in the renal failure group. Mortality figures are shown 
in Table 16. 

All non-responders to NO with renal failure died. All patients 
(n = 5) who initially responded to NO and had normal renal 
function, but whom later developed renal failure also died. 
Conclusion: In our study, patients with ARDS and renal 
impairment were less likely to respond to inhaled NO than those 
with ARDS and normal renal function (58 vs 88%; P<0.05). 
Patients with renal failure who did not respond to mhaled nitric 
oxide had 100% mortality. 


Keywords: complications, acute respiratory distress syndrome; 
complications, renal; pharmacology, nitric oxide 
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Respiratory failure and intraoperative 
oxygenation following oesophagectomy 


S. P. Tandon, R Bullock, A. Batchelor, A Gascoigne, I. Warnell, 
I. Shaw, N. Hayes, S M. Griffin and S. V. Baudown 


Department of Anaesthesia and Intensive Care and Northern 
Oesophago-Gastnic Cancer Unit, Royal Victoria Infirmary, Newcastle 
upon Tyne NEI 4LP UK 


Respiratory complications are a major cause of morbidity and 
mortality following oesophagectomy.! We hypothesized that 
patients who develop postoperative respiratory failure would have 
an unstable intraoperative course. Two stage oesophagectomy 
requires a period of one lung ventilation (OLV) and one measure of 
intraoperative instability is desaturation during OLV. We therefore 
studied the relationship between Sap, during OLV and 
postoperative course. Previous work has focused on preoperative 
factors associated with postoperative complications.” There is little 
information on intraoperative factors that may influence outcome. 

We performed a retrospective analysis of all elective 
oesophagectomies performed between January 1998 and August 
1999. Seventy-seven patients had a 2-stage sub-total 
oesophagectomy requiring OLV. Oxygen saturation recorded on 
the anaesthetic chart during OLV was plotted on a fixed linear 
scale af 0-100% against time for each patient. The area above 
the curve was calculated, as a measure of intraoperative 
oxygenation during OLV. This was standardized by dividing the 
area by the OLV duration, thus obtaining the Area Per Unit Time 
(APUT). The postoperative course of each patient was recorded 
including outcome, total duration of ITU stay and the worst Pao,/ 
Fig, ratio attained. ARDS was defined using the American- 
European Consensus Conference on ARDS criteria. Twenty-one 
patients had a prolonged ITU stay (>48 h) and all had a persistent 
Pao /Fio, <27 Thirteen patients (17% of the total) fulfilled the 


Table 17 APUT and OLV time data for patients with and without ARDS 


Patients without Patients with ARDS P value 





ARDS (n = 64) (a = 13) 
Mean APUT (SE) 3 4 (0.3) 55 (0.9) 0.004 
Mean OLV time (SE) 130 (4) min - 141 (7) min 0.17 


Consensus Conference criteria for ARDS and seven of these died 
in hospital. 

Total OLV time was not significantly different between the 
groups but patients who developed ARDS had significantly greater 
intraoperative hypoxaemia as measured by the APUT (Table 17) 
We conclude that intraoperative hypoxaemia is associated with 
respiratory failure following oesophagectomy. 


Keywords: complications, adult respiratory distress syndrome; 
gastrointestinal tract, oesophagus 
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Tracheal rupture during percutaneous 
tracheostomy. Safety aspects of the Griggs 
method 


M. P. R. Watters, G. Thorne, C M. Cox and C. R Monk 


Department of Anaesthesia, Bristol Royal Infirmary, Bristol BS2 8HW, 
UK 


Despite being used in many intensive care units in the UK,! little 
is known about the safety of the guide wire dilating forceps 
(GWDF) technique of percutaneous tracheostomy. A previous 
evaluation study of the GWDF noted a definite learning curve in 
knowing how much force to exert through the forceps to establish 
a therapeutic dilation.? The aim of this study was to determine 
how similar the force required for therapeutic dilation of the 
trachea is to the force required to cause tracheal disruption using 
the GWDF. 

Percutaneous dilational tracheostomy using the GWDF was 
performed on 12 cadavers scheduled to undergo post mortem the 
same day. Dilational forces and distances were measured as electric 
signals (mV) using specially monitored forceps, the change in mV 
being proportional to the change in both distance and force Three 
related force and distance measurements were recorded. 


(1) Dilation of the pretracheal tissues. 

(2) Therapeutic dilation of the trachea. The trachea was dilated 
to allow easy insertion of a 7-mm internal diameter low profile 
cuffed tracheostomy tube (Mallinckrodt, UK). 

(3) Destructive dilation of the trachea. The trachea was dilated 
until there was a distinct give and the investigator felt that 
disruption had occurred to the trachea. 


Forces were compared using Student’s t-test. 

The force required for tracheal destruction was more than twice 
that required for therapeutic dilation 735 + 140 vs 296 + 80 mV 
(P<0.001) (Figure 1). Therapeutic tracheal dilation requires less 
force than 1s required for dilation of the pretracheal tissues 
296 + 80 vs 417 + 160 mV (P<0.05). 

The marked differences seen between the forces required for 
therapeutic and destructive dilation of the trachea offer a reasonable 
margin of safety when using the GWDF. Dilating the pretracheal 
tissues is a useful guide as less force should then be used to dilate 
the trachea. 
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Trachea Destruction 


Pretracheal 
tissue 


Fig 1 Force required (mV) to dilate the pretracheal tissue and the 
trachea, and to cause tracheal destruction. 


Keywords: equipment, tracheostomy 
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Acidaemia is less severe following reperfusion via 
the hepatic artery compared with the portal vein 
during liver transplantation 


T. S. Walsh!, O J. Garden? and A Lee! 


Department of Anaesthetics and *Surgery and the Scottish Liver 
Transplant Unit, Royal Infirmary of Edinburgh, Lauriston Place, 
Edinburgh EH3 9YW, UK 


Reperfusion of the liver during transplantation can cause 
cardiovascular changes such as systemic vasodilatation, pulmonary 
hypertension and cardiac dysfunction. We have previously 
demonstrated a slower increase in oxygen consumption when the 
hepatic artery was used for reperfusion rather than the portal vein, 
and had the clinical impression that overall patient stability was 
greater with the former technique.! We therefore compared the 
acid-base changes which occur following reperfusion with each 
of these techniques. 

Twenty patients undergoing liver transplantation were studied. 
In all cases the piggyback technique was used, and anaesthetic 
management was simular. In 10 patients hver reperfusion was first 
via the portal vein followed by the hepatic artery; in the other 10 
patients the hepatic artery was anastomosed first followed by the 
portal vein. Ventilation remamed constant during the study period. 
Arterial blood was drawn for acid-base and whole blood lactate 
measurement at three time points: (1) immediately prior to 
reperfusion, (2) 30 mun after reperfusion, (3) 60 min after 
reperfusion. Changes ın variables were compared between the 
groups by Mann-Whitney U test corrected for multiple tests using 
the Bonferroni method. 


Data are shown in Table 18. All acid—base variables were similar 
between the groups prior to reperfusion. Following reperfusion 
acidaemia (H* concentration) was more marked in the portal vein 
group and was accompanied by a larger increase in Paco,. Changes 
in blood lactate and acidosis (Standard Bicarbonate Concentration) 
were similar between the groups. 

Our data indicate that a smaller acid load 1s released into the 
systemic circulation unmediately after reperfusion when the 
hepatic artery is anastomosed first rather than the portal vein, as 
is conventional. This may be because the release of ischaemic 
metabolites from the splanchnic circulation is delayed, or because 
the rate of flushing of acid from the donor liver is slower via the 
hepatic artery which has a lower overall flow and is a higher 
resistance circulation. Less marked acidosis and hypercapnia are 
potentially beneficial particularly in high risk patients, such as 
those with fulminant hepatic failure who are at risk of intracranial 
hypertension following reperfusion. 


Keywords: liver, oxygen consumption, surgery. transplantation 
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Hand grip dynamometry does not correlate with 
anthropometric measures of nutritional status in 
survivors of prolonged critical illness 


L. Donglas!, K. C. H. Fearon? and T S. Walsh! 


1Intensive Care Unit and ? University Department of Surgery, Royal 
Infirmary, Launston Place, Edinburgh EH3 9YW, UK 


Prolonged critical ıllness results ın malnutrition and functional 
impairment. Impaired muscle function has several possible 
explanations in these patients such as reduced muscle mass, 
myopathy and neuropathy. There are no data regarding the relation 
between anthropometric measures and measures of muscle strength 
following critical illness. In other populations mid arm muscle 
circumference (MAMC, a measure of lean body mass) and muscle 
strength measured by hand grip dynamometry (HGD, a simple 
measure of muscle function) correlate. We have investigated the 
relation between anthropometric measures of nutritional status and 
muscle strength using HGD in patients attending our Intensive 
Care follow up clinic. 

Thirty patients who spent more than 4 days in Intensive Care 
(median stay $.25 days (range 4.4~58.9)) were studied 3 months 
following ICU discharge. Height, weight, body mass index (BMD, 
triceps skinfold thickness (TSF), mid arm circumference (MAC) 
and MAMC were measured using standard anthropometric 
techniques Pre-illness weight and BMI were determined 


Table 18 Acid—base variables for pahents undergoing liver reperfusion via the hepatic artery (HA, z = 10) or portal vein (PV, n = 10) during liver 
transplantation All values median (Ist, 3rd quartile) *P<0 02 between HA and PV groups 




















Baseline values Change time point 1-2 Change time point 2-3 Thmepoint 3 values 

HA PV HA PY HA PV HA PV 
Lactate 155 1.90 - 0.93 0.77 -0 16 0.24 2.54 220 
mmol litre! [0 88,3.81] [1 75,2 09] (0.29, 1.23] [0 59,1.2i] [-0.54,0 71] [-0 410.12] (2.14,3 01] [1.87,3 34] 
SBC 22.3 221 ~1,65 —1.10 030 115 20.7 222 
mmol Itre! [20 5,23 3] [21.0,23 6] [-2 18,0 83] [-2 00,-0.90] [+1 2,0.88] [0 73,1 4] [18 8,21 9] [20.8,24 1] 
Ht 40.0 421 445 1075 3.00 -5 1* 513 495 
nmol litre™? [37 1,44.5] [40.9,47 0} [3 03,8 58] [7.28,14 03] [+0 95,9 68] [-8 60,~-2.75] [44 5,54 7] {43 0,52 8] 
Paco, 412 467 029 101* 056 -0 02* 527 5.57 
kPa [3 88,4 56] [4.34,4.96] [0 18,0.59] [0 74,1.55] [0.25,0.92] [-0 29,0.13] [4.95,5.48] [5 17,5.79] 
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Table 19 Transfusion thresholds Values are median (25~75% quartiles) Inten’ mtensivists, Haem' haematologists 








Scenario 1 


Trigger Scenario 2 
Inten Haem Inten 

Hb g dr! 9 (8-9 25) 9 (8-10) 10 (9-10) 

Platelet count X10° Litre! 51-100 30-50 30-50 

PT Xcontrol <2>1.6 <2>16 


Scenario 3 Scenario 4 
Haem Inten Haem Inten Haem 
10 (910) 9 (8-10) 10 (9-10) 10 (9-10) 10 (9 125-10) 
30-50 





retrospectively from patent records or recollection. HGD was 
measured with a single spring hand grip dynamometer. Quality of 
life was assessed-using the SF-36 questionnaire. 

A total of 64% of patients had failed to regain tbe weight 
recorded prior to admıssıon to ICU; 39% had a persistent weight 
loss of >10% (mean pre-illness BMI 24.3 (sem 0.60), 3 month 
BMI 23.3 (0.51), P<0.05). 35% of patients had a TSF <Sth 
centile for the normal population and 25% had a MAMC <5th 
centile of the normal population. HGD data showed 41% of 
patients had values <85% of expected values (indicative of 
significant protein malnutrition in other populations!). However, 
no correlation was found between MAMC and HGD (r = 0.284, 
P = 0.2). SF-36 showed 58% of patients perceived their general 
health to be poor, 57% scored poorly on vitality and 52% on 
physical function. 

Our findings demonstrate marked loss of muscle mass and 
functional ability using established methods in about one third of 
patients 3 months following prolonged critical illness. However, 
unlike other populations MAMC did not correlate with HGD. 
This may be because (1) factors other than muscle mass contribute 
to functional impairment following critical illness such as 
neuropathy and myopathy (2) HGD is too insensitive or effort- 
dependent in this population. Evaluation of neuromuscular 
physiology should be included in studies of functional recovery 
from critical illness More rigorous measures of functional ability 
are needed in order to understand and improve recovery from 
prolonged critical illness. 


Keywords: intensive care, audit; measurement techniques 


Acknowledgement 
Supported in part by a grant from the Intensive Care Society. 


Reference 
I Gray CE, Gray IK. JPEN 1979; 3: 366-8 


Transfusion practices survey in critically ill 
patients 


H Borelessa, M. P. Rao, C. Morgan, N. Som, D. Goldhill, S. Brett, M. 
Smith, D. Watson, M. Contereras and H. Boralessa 


North Thames Blood Interest Group 


There are no published guidelines for the use of red cells, platelets 
and fresh frozen plasma (FFP) in critically ill patients. This study 
aimed to examine the attitudes of intensivists and haematologists 
to the use of blood and blood products. 

A scenario based postal questionnaire used previously to elicit 
transfusion practices of Canadian critical care physicians! was 
modified to assess current practice of red cell, platelet and FFP 
use in intensive care. Four hypothetical scenarios: trauma (1), 
sepsis (2), pneumonia (3) and acute bleeding (4) were described. 
Each scenario had a series of clinical situations commonly seen 
in critically 1] patients. The questionnaire was circulated to the 
directors of intensive care units and haematologists in charge of 
blood banks in all hospitals in England. Data were analysed using 


Wilcoxon matched-pairs test, Friedman two-way ANOVA and 
Mann-Whitney U test. 

A total of 162 intensivists and 77 haematologists responded. 

Baseline transfusion thresholds for red cells ranged from 6 to 
12 g dl”!. There was significant (P<0.005) interscenario variations. 
Increasing age, high APACHE score, surgery, ARDS, septic shock 
and lactic acidosis significantly (P<0.005) modified the threshold. 

There were greater variations in the baseline threshold for 
platelet transfusion. A total of 21.5% selected a threshold of 
<30%10° litre"! Surgery and invasive procedures significantly 
(P<0.005) altered the threshold. 

Baseline threshold Prothrombin time (PT) for transfusion of 
FFP ranged from 1 to >2.5 times control. Bleeding sigmficantly 
(P<0.01) lowered the threshold. 

The majority of respondents (72.3%) selected a baseline Hb 
threshold of 9-10 g di! (Table 19). The thresholds for platelets 
and FFP were far less consistent. 


Keywords: intensive care; transfusion 
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Post-operative renal replacement therapy after 
coronary artery bypass surgery (CABG) in the 
UK, is the outlook still bleak? 


5. M. A. Hubble, I. M. Davies, I. G. Ryder, S. P. K. Linter and 
S. J Howell 


Bristol Royal Infirmary, Upper Maudlin Street, Bristol BS2 8HW, UK 


Renal failure requiring acute haemofiltration occurs in 1-5% of 
patients after coronary artery bypass graft surgery (CABG). In- 
hospital mortality ıs reported between 28 and 63%.! Few long 
term follow up studies have been published and outcome in 
patients with pre-operative dialysis dependent renal failure 1s 
unknown ın the UK. 

Objectives of the study were to investigate early and late 
mortality following CABG surgery both in patients requiring acute 
haemofiltration and those already on chronic dialysis therapy 

Forty-six patients who required acute and chronic renal 
replacement therapies post CABG between June 1996 and May 
1999 were identified using the cardiac surgery data base and 
regional dialysis centre patient records. A control group of CABG 
patients without renal complications was also assessed. Thirty- 
day mortality, mortality at 1 yr and mortality rate ratios were 
examined. Functional quality of life ın survivors was assessed 
using New York Heart Association (NYHA) and modified 
Karnofsky scores? by telephone interview. Pre- and post-operative 
values were compared. The median follow up time was 469 days 
with a range of 1-1156 days. AH statistical analyses were performed 
using STATA 6 0 for Windows 95. 

Post CABG surgery, acute renal failure requiring haemofiltration 
still carries a markedly increased risk of death despite better than 
previously reported in-hospital mortality (Table 20). Over 75% of 
survivors however report a functionally good quality of life with 
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Table 20 Outcome from coronary artery bypass graft surgery in patients requiring postoperative renal support therapy 


Controls (normal renal) 


Number of patients 51 
In-hospital mortality o/51 
Mortality at 1 yr 1/51 (2%) 


Mortality rate per 1000 patient days (95% CI) 
Mortality rate ratio vs control 


0.04 (~0.03-0.11) 





improved exercise tolerance and only 1 out of 30 renal failure 
patients describes himself as housebound. 

Chronic renal dialysis patients especially have very favourable 
outcomes, such that mortality rates are not statistically different 
from the control group. 


Keywords: kidney, failure; surgery, cardiovascular 
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Does increased lactate discriminate between 
survivors and non-survivors after abdominal 
aortic aneurysm surgery? 


S. Hubble, S. Howell, J. Cloake and A J. Padkin 


Department of Anaesthesia, Bristol Royal Infirmary, Upper Maudlin 
Street, Bristol BS2 8HW, UK 


Blood lactate levels have been correlated with outcome in sepsis, 
in shock of various causes! and following paediatric cardiac 
surgery.” Lactate was not included in the APACHE I score because 
of practical difficulties with its determination and consequent 
infrequent measurement in the early 1980s.3 

Postoperative care following abdominal aortic or iliac aneurysm 
(AAA) surgery is the commonest reason for admission to UK 
intensive care units (ICUs). These patients have a high hospital 
mortality of 21.4% reported from the ICNARC Case Mix 
Programme.* One hundred and forty-four consecutive patients 
admitted to ICU post-AAA surgery were studied and four measures 
of lactate recorded from the first 24 h of admission (see Table 
21). Four patients had no values recorded. The Wilcoxon rank 
sum test was used to test for a significant difference ın each 
measure between survivors and non-survivors, The area under the 
receiver operator characteristic (ROC) curve was calculated for 
each measure to test discrimination between survivors and non- 
survivors, where 1 represents perfect discrimination and 0.5 
represents no discrimination. STATA 6.0 for Windows 95 was 
used for all statistical tests. 

Increases in all measures of lactate were significantly associated 
with hospital mortality (probabilities from <0.0001 to 0.0035) 
(Table 21). The areas under the ROC curves show that all lactate 








Acute post-operative Chronic haemodialysis 
haemofiltration patients 

37 9 

10/37 (27%) v9 

14/37 (38%) %9 


0.73 (0 35—1.11) 
20 3 (P<0 000) significant 


021 (0 21-0.63) 
59 (P = 0 14) not significant 


measures discriminated between survivors and non-survivors. The 
24-h lactate value provided both the strongest association and the 
best discrimination. This may be because ıt is dependent not only 
on the magnitude of physiological insult but also on the adequacy 
of, and the response to postoperative treatment. In view of the 
positive correlation with mortality ın this large group of critically 
ill patients and the now widespread clinical use of lactate 
measurements, inclusion of the 24-h lactate value should be 
considered for future scoring systems. 


Keywords: complications, mortality; surgery, cardiovascular 
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Why use more propofol as 2% formulation? 


R. K. Singh, S. Simms and P. G Lawler 


Intensive Care Unit, South Cleveland Hospital, Marton Road, 
Middlesbrough TS3 4BW, UK 


Propofol is believed to be the most widely used sedative in the 
adult intensive care unit (CU). Its pharmacokinetic profile 
produces easily controllable sedation.! Propofol is prepared in 
10% intralipid emulsion (0.1 g ml of fat). Critically ill patients 
may have impaired lipid tolerance and they may also be the 
recipients of total parenteral nutrition, hence, ‘creaming’ may be 
a consequence.” Because of the problem of fat load we chose to 
introduce 2% formulation. We observed that waking of some 
patients using 2% propofol was delayed and the total cost of 
propofol supplied increased. The cause for this was not clear. 
We retrospectively surveyed our use of propofol during periods 
of changeover from 1 to 2%. We reviewed the ICU charts of all 
patients admitted from September 1998 to February 1999 who 
received propofol (either 1% or 2%) with or without alfentanil. 
Patients receiving midazolam, fentanyl, morphine or other 
sedatives were excluded from the study. The sedation scores were 
noted at 12 noon (period of activity) and 12 midnight (penod of 
quietness) each day. APACHE II diagnosis and APACHE II scores 


Table 21 Blood lactate concentrations (median (Sth-95th centile)) in patients undergoing aortic aneuryism surgery 


Survivors Non-survivors Probability Area under ROC curve 
Median (5th-95th centile) Median (5th-95th centile) 

Admission lactate 1.9 (0 8-10.8) 37 (09-9 2) 00035 0.66 

Highest lactate 2.2 (0.8-11 6) 51 (11-111) 0 0001 071 

Lowest lactate 1.0 (0.5-2.7) 1.3 (0.6-6.1) 0 0020 067 

24-b lactate 1 2 (0.6-3.1) 1.7 (0 8-9.0) <0 0001 073 
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Table 22 Companson of 1% with 2% propofol *Garcia-Lawler sedation 
score 18 used routinely in this ICU 





1% Propofol 2% Propofol 








Number of patients 22 43 

Sex (M/F: 13/9 30/13 

Age range (median) 2484 (68) 18-83 (64) 
Midday Garcta-Lawler sedation score* range 6-6 2-9 
Midnight Garcia-Lawler sedation score range 2-2 1-9 
Mean alfentanil consumption (mg h7!) 1.25 130 
Mean propofol consumption (mg h’) 108 95 145 13 


were also noted. We calculated propofol and alfentanil consumption 
for the patients who received 1% or 2% propofol. 

Our results demonstrate that patients receiving 1% infusion 
received 75% of the dose of those receiving 2% propofol (Table 
22). The dose of alfentanil used was not significantly different in 
each group (P>0.05). In a 24-h period sedation using 2% propofol 
cost £18.83 more than when using 1% preparation This excludes 
the additional cost of any wasted drug. 

This may be because of differences in availability and activity 
of propofol in a concentrated emulsion, by chemical loss due to 
deterioration of the drug or by the way drug was administered. 
The record of sedation scores suggests that the level of sedation 
fluctuated more when 2% was used. We speculate that alteration 
to the amount of propofol given ıs made ın increments of I ml 
irrespective of concentration of propofol used. Changing staff 
practices to alter infusion rates in 10 mg increments may produce 
less variation in sedation scores. 


Keywords: anaesthetics, 1.v, propofol; sedation 
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The predictive value of the base deficit for the 
cardiac index in post-arrest patients in the 
intensive care unit 


M. Z. Hashemi and I. W McConachie 


Depariment of Anaesthetics, Blackpool Yictoria Hospital, Blackpool 
FY3 8NR, UK 


We undertook a retrospective clinical study to determine the 
relationship of the calculated base deficit and cardiac index in 
post cardiac arrest patients admitted to the intensive care unit. 

Twenty consecutive admissions to an 8-bed general adult 
intensive care unit over a 2-yr pernod mean age 629 yr (range 
24-86) included 17 males and 3 females with a diagnosis of post- 
cardi>-respiratory arrest were studied. All patients were receiving 
mechanical ventilation and had an arterial line and a pulmonary 
artery catheter inserted on admission 

Senal artenal blood gases and cardiac output measurements 
taken were reviewed for the first 24 h of admission from the case 
notes. The number of measurements recorded ranged from four 


to nine arterial gas samples over the 24 h. The cardiac output was 
measured using thermodilution with 10 ml of cold saline All the 
data were collected from measurements taken within 20 min of 
each other Linear regression analysis demonstrated no consistent 
relationship between the calculated base deficit and cardiac index 
(r = 0.02, P = 0.82) when data were pooled for the study group. 
In four of the study group however, there appeared to be a good 
relationship (r = -0.78, r = -0.76, r = -0.82, r = 0.79 P<0 05) 
but this was not reflective of the overall trend (Table 23). Three 
patients showed a strong negative correlation that ıs as the 
cardiac index decreased the base deficit increased and one the 
opposite trend. 

Our data suggest that the calculated base deficit 1s a poor 
predictor of the cardiac index m post cardiac arrest patients We 
recommend that the base deficit should be applied with caution 
in the clinical assessment of cardiac output 


Keywords: acid—base equilbrium; complications, arrest, cardiac; 


Calibration of LOD scoring in a high mortality 
population 


D. A. Sperry and J Eddleston 


Intensrve Care Unit, Manchester Royal Infirmary, Oxford Road, 
Manchester, UK 


The population of the North West suffers higher comorbidity rates 
than that of England as a whole. Standardized mortality ratios for 
ischaemuc heart disease (1.2), cerebrovascular disease (1 16) and 
chronic obstructive airways disease (1.4) are all significantly 
higher than the national average.! 

Nine intensive care units based in the North West provided data 
on admissions and outcomes from the beginning of 1997. After 
exclusion of cardiac surgery, burns patients, patients under 18 and 
those with significant mussing data 3393 records were included in 
a local database. Logistic organ dystinction (LOD) scores were 
calculated as described by LeGall. 

Compared with the European/American ENAS database patient 
age (mean 57.5, median 60, sp 21) was sumilar (mean 57 2, sp 18) 
but there were differences ın the distribution of organ dysfunction, 
proportion of elective patients admitted and mortality (0.39 vs 
0 22). 

Calibration of LOD scores to the model, determined from 
the Hosmer-Lemeshow statistics C and H, was poor (C = 653, 
P<0.001,; H = 674, P<0001) due to hıgher than expected 
observed mortality for a given organ severity The area under the 
receiver operating curve (ROC), a measure the test’s ability to 
discriminate, was lower than originally described (0.72 vs 0.85) 
Customization of the score for the North West database was 
performed using the method described by Zhu.? Furst level 
customization of the logit failed (C = 27, P<0 01, H = 15.2, P = 
0.13), but second level customization of the coefficients calibrated 
successfully (C = 11.1, P=035, H = 10.3, P=041) Area 
under the ROC was 0.82. Higher weightings were obtained for 
all cardiovascular variables with an increase ın predicted mortality 
over the original LOD score for 3215 patients (95%) 

The customized score was then applied in a further model to 


Table 23 Pearson’s correlation for cardiac index and calculated base deficit *P<0 05 





Patient 1 2 3 4 5 
Pearson's r -0 56 073 002 062 0.82% 
Samples 9 7 4 4 8 
Patient u 12 13 14 15 
Pearson’s r -067 -069 079* -0 76* 023 
Samples 4 7 7 9 7 








6 7 8 9 10 

-0 56 047 007 013 -0 78* 
5 8 7 8 7 

16 17 18 19 20 
0.44 024 0 18 009 048 
7 7 8 5 7 
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determine the effect of hospital transfer prior to intensive care on 
weighted mortality. A total of 838 patients (24.7%) patients were 
transferred. Overall relative risk of dying in intensive care was 
1.13 (OR 1.22, 95% CI 1.04-1.43). Allowing for customized 
organ severity and patient age transfer contributed significant 
excess mortality (P<0.005). 

Calibrated scoring systems allow local analysis of contributing 
factors in patient mortality, whilst controlling for illness severity 


Keywords: complications, morbidity; intensive care, audit 
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Haematological malignancy in ICU 


S. Bianchi, D. Sperry, J. Benson and J. Eddleston 


Intensive Care Unit, Manchester Royal Infirmary, Oxford Road, 
Manchester M13, UK 


The admussion of patients suffering haematological malignancy to 
the intensive care unit (CU) is controversial due to their poor 
prognosis. The dilemma regarding admission has escalated with 
the development of more aggressive forms of chemotherapy. 
Whilst improving survival from primary disease these treatments 
also result in an increase in life-threatening complications requiring 
ICU admission.! Analysis of patients admitted to a large ICU over 
a 3-yr period and data collected from surrounding regional hospitals 
has allowed determination of various prognostic factors that may 
assist in patient management. 

A retrospective observational study on patients with 
haematological malignancy admitted to ICU between January 
1996 and July 1999 was conducted. Patients admitted from medical 
and haematological wards and a regional cancer centre were 
included, as were data from regional ICUs. Data included 
malignancy type, reason for admission, severity and duration of 
leucopenia, creatinine on admission, Logistic Organ Dysfunction 
(LOD) score, requirement for invasive ventilation and survival. 

Sixteen patients (8 male, 8 female) were admitted to the ICU 
within the specified time. An additional 13 patients were admitted 
to regional ICUs between January 1997 and July 1999. 
Haematological diagnoses: Hodgkin’s lymphoma (7), non- 
Hodgkin’s lymphoma (1), chronical lymphocytic leukaemia (3), 
chronic myeloid leukaemia (6), acute myelogenous leukaemia 
(6), acute lymphoblastic leukaemia (3), multiple myeloma (2). 
Admission to ICU was precipitated by pneumonia (35%), adult 
respiratory distress syndrome (15%), sepsis (15%), multi-organ 
failure (15%), bleeding (12%) and graft-versus-host disease (8%). 
On admission LOD scores ranged from 1-16 (average 6.5) and 
ICU mortality was 71% Of the 30% surviving ICU, only 18% 
survived to long term (>6 months). Survival was associated with 
not requiring mechanical ventilation, a normal white cell count or 
brief period of neutropenia. A creatinine on admission of greater 
than 200 pmol litre“! was noted to be associated with mortality 
(P = 0.05). In logistic regression analysis haematological 
malignancy is significantly associated with ın hospital mortality 
(P<0.005). This association is strengthened when age is taken 
into account (P<0.001), but is not significant when organ severity 
1s controlled for (P = 0.10). Relative risk of ın hospital death for 
patients with haematological malignancy admitted to ICU was 1 9 
(OR 436 95%CI 1.6-12.1). These results suggest that patients 
with haematological malignancy are admitted to ICU with more 
severe illness than matched patients with other underlying disease. 


In conclusion it can be shown that a high mortality is associated 
with admission of such patients to ICU. Prognosis 1s guided 
by several factors including the requirement for mechanical 
ventilation? LOD score >10 and severe prolonged neutropenia. 
Improved pragnosis is associated with normal white cell count, 
rapid recovery of bone marow, normal admission creatinine and 
avoidance of mechanical ventilation. 
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Correlation of TISS and Nurse Dependency 
scores with the pilot version of the SOPRA score 


R. Vaja, P. Spiezs and S. Gulley 


Intensive Care Umt, Leicester General Hospital, Gwendolen Road, 
Leicester LES 4PW, UK 


A number of severity of illness scoring systems have been 
developed and are widely used ın intensive care practice. The 
Therapeutic Intervention Scoring System (TISS) is used as a tool 
for assessing severity of illness, therapeutic and nursing manpower 
requirements as well as cost-benefit analysis.! TISS uses over 70 
variables, however it does not take into account non-interventional 
demands on time such as communications and support for relatives. 
The Lincolnshire demand model for Nurse Dependency (ND) 
adapted from an earlier model? is used in our ICU, scoring 1, 2 
or 3 with increasing dependence. 

The Intensive Care National Audit and Research Centre 
(CNARC) Working Group released a pilot version of their System 
of Patient Related Activities (SOPRA) at the Riverside/ICS 
Meeting in December 1998. SOPRA is intended to indicate the 
degree of care necessary when treating a critically ul patient. In 
one score it is hoped to assess the intensity of impact each patient 
made on the werk of the ICU that day. 

The aim of this study was to test for any association between 
TISS, SOPRA and ND scores. Daily TISS, SOPRA and ND scores 
were recorded over a period of 2 months on all patients on 
our ICU. The results were analysed using non-parametric tests, 
Spearman’s correlation and linear regression methods. 

We recorded 488 scores for each system (Table 24). Median 
SOPRA score was 25 (range 12-60), that of TISS was 34 (11- 
73). There was no correlation between SOPRA and ND scores 
(° = 0.18). There was no correlation between TISS and ND (7? = 
0.14). Despite many similarities between SOPRA and TISS their 
correlation was poor (7? = 0 49) 

Our nursing staff found the SOPRA score more specific and 
less subjective than TISS. It was also felt to be more representative 
of current Intensive Care practice. 

We conclude that the SOPRA and TISS are significantly different 
scoring systems despite having many common factors. However 


Table 24 Median and range of scores Correlation of SOPRA to TISS and 








Correlation to SOPRA 
Median 
n irange) r 9% CI rt P 
SOPRA 488 25 (12-60) 
TISS 488 34(11-73) 067 0.61-0.71 049 <00001 
ND 488 3 (1-3) 049 0.42-0.55 018  <0,0001 
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further evaluation is required to identify any advantage SOPRA 
may offer over TISS. 
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An audit of pre-operative optimization Derriford 
Hospital 


S. P, Coaurtman and M B. Walker 


Department of Anaesthesia, Derriford Hospital, Plymouth, Devon 
PL6 8DH, UK 


Pre-operative optimization (PO) has been shown to reduce 
mortality, duration of hospital stay and hospital costs.! 2 The 
Intensive Care National Audit and Research Centre (CNARC) 
data base shows that 3.4% of all patients are admitted for PO in 
contrast to 1.9% at our centre. The effective provision of PO 
requires a bed on the intensive care unit 7CU)}-high dependency 
unit (HDU) with appropriate levels of staffing. There are suggested 
guidelines for identifying the high-risk surgical population based 
on surgical categories, underlying medical conditions and HDU 
admission criteria. At Plymouth there is a nine-bedded ICU and 
a four-bedded HDU which admit 1200 patients per year, of which, 
58% are surgical cases. 

We performed a prospective audit of 100 consecutive surgical 
admissions to ICU-HDU assessing whether current resources are 
sufficient to provide PO. Demographic data were collected and 

` the surgical category noted. The availability of a bed in the 3 h 
preceding surgery for each admission was recorded. Pre-operative 
clinical and biochemical data were collected from the notes in 
accordance with admission criteria used in previous studies. The 
APACHE II scores, diagnostic and outcome data were obtained 
using the ICNARC database. 

The majority of patients underwent vascular or abdominal 
surgery (laparotomy n = 40, vascular n = 26, orthopaedics n = 
13, other n = 21). A bed was available pre-operatively for all 
booked admissions (n = 26). Of the remaining non-booked 
admissions (n = 74), 61% had a bed available for PO without 
transferring a patient off ICU/HDU. Two patients were admitted 
specifically for PO. There was no difference in APACHE U scores 
or outcome between booked and non-booked cases. 

Eight patients were identified who required admission by 
recognized criteria. However, data were rarely complete with 
certain variables seldom recorded (respiratory rate 13%, urine 
output 15%, temperature 72%, blood gases 11%). Only nine 
patients had complete basic observations documented in the notes 
and more patients might have satisfied the criteria if documentation 
was complete. 

The low frequency of PO and availability of beds indicates that 
we should be aiming to increase the number of patients admitted 
pre-operatively. The ICNARC data for the subgroup of elective 
vascular case clearly illustrates this (10.2% vs 2.5% Derriford). 
This audit demonstrates the difficulty in identifying high-risk 
surgical patients. Poor data collection is a major contributor A 


, dramatic change in ward care and use of single referral criteria ' 


» would improve this. 
Keywords: intensive care, audit 
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Peripherally inserted central venous catheters 
(PICC) 


N. Mehta, S. Nadel, A Reeve, A. Nadel and J. Bnitto 
PICU, St. Mary’s Hospital, London W2 INY, UK 


Venepuncture and repeated peripheral venous cannulations are the 
most frequently performed pamful procedures in hospitalized 
children, resulting in an unpleasant experience for both the child 
and parents.! Peripheral cannulae are short lasting, easily dislodged 
and can be difficult to maintain. On the other hand, tunnelled 
catheters are invasive, require specialized expertise and may be 
associated with significant risks and costs.” 

Aim: To evaluate the role of peripherally inserted central venous 
catheters (PICC) for intermediate term venous access in 
hospitalized children. 

Methods: A prospective descriptive study, evaluating insertron 
of PICC in hospitalised children requiring venous access for 
intermediate term (7 days to 2 months). Silicon catheters were 
inserted in the antecubital fossa under strict aseptic conditions 
using a modified Seldinger technique under appropriate sedation 
and analgesia.” Pain experienced during insertions, was quantified 
using validated pain scales.* During the course of the study, a 
sample of children (n= 55) requiring peripheral venous 
cannulation (PVC) was also studied as a cohort for companson 
of pain experienced during the procedures. 

Results: PICC insertion was attempted ın 90 patients (median age 
4 years; range 8 days — 16 yr) over a penod of 18 months, 
between October 1997 and April 1999 with a success rate of 92%. 
Median tıme for procedure was 45 min (range 15-210). Median 
pain scores as assessed by nurses and parent/child were 1 (1— 5) 
and 2 (0—4) respectively. Therapy was completed in 75 (83%) 
patients with PICC. Fifteen PICC were prematurely removed 
Median length of time ın situ was 10 days, a total of 1081 catheter 
days. There were no cases of clinically detectable thrombotic 
complications or PICC related sepsis. Coagulase-negative 
staphylococci were grown from 8/90 (9%) catheter tips. PICC 
were used for intravenous antimicrobials, total parenteral nutrition, 
blood transfusions, erythropoetin and blood sampling ("n = 529). 
In addition, 55 patients (median age 2 years; range 10 days — 17 
yr) subjected to peripheral venous cannulations (PVC) were also 
evaluated. Median time for procedure was 10 min (1-60) with 
median pain scores of 2 (1— 5) and 3 (0-4) by nurses and parent/ 
child respectively. 

Conclusions: PICC provide an effective alternative to repeated 
peripheral venous cannulations and can be mserted by designated 
trained medical and nursing team with a high success rate. PICC 
are long lasting, better tolerated, allow repeated blood sampling, 
have few complications and may facilitate home care for some 
patients. PICC should be the vascular access of choice for adults 
and children requiring mtermediate-term vascular access and 
intensivists have a role in setting up and providing this service in 
the UK. 
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Table 25 Features and outcome of five patients admitted to ICU with haemophagocytic lymphohistiocytosis (HLH) 








Case 1 Case 2 Case 3 Case 4 Case 5 
Age 2 yr 2 months 4 yr 4 months 4 yr 9 months 2 months 20 days 1 month 
Sex Female Male Male Female Male 
Diagnosis on admission Cellulins Dental sepsis Sepsis Sepsis Sepsis 
Liver function Deranged Deranged Deranged Deranged Failure 
Bone marrow Thrombocytopaenia Anaemia Neutropaznia Pancytopaema Anaemia 
Metabolic acidosis Absent Mild Moderate Severe Severe 
Haemophagocytosis Liver, spleen Bone marrow Bone marrow Bone marrow Liver 
Outcome ın PICU Died Discharged Discharged Died Died 


Haemophagocytic lymphohistiocytosis (HLH) on 
the intensive care unit 


N. Mehta, S. Nadel, M. Levin and J. Britto 
PICU, St. Mary’s Hospital, London W2 INY, UK 


HLH 1s a rare disorder characterised by proliferation of cells of 
the mononuclear phagocyte system (histiocytes). It comprises a 
primary (inherited) or familial form and a secondary or acquired 
(usually infection associated) syndrome. Both forms of the disease 
may be commonly fatal if not treated with specific therapy. The 
familial form of the disease ıs commonest ın the first few years 
of life. Secondary HLH can be found in all ages and diagnosis is 
based on clinical, laboratory and histopathological criteria. We 
report five cases of HLH admitted to our PICU to highlight some 
of the presenting features and outcomes (Table 25). 

In our series of cases of HLH, three of the five cases were 
admitted as multiorgan failure following suspected sepsis. 
Metabolic acidosis, which was resistant to correction, was a 
common feature. The other two cases were admitted with focal 
infections who then developed full-blown multisystem 
involvement. Diagnosis was confirmed in four of the five cases 
after admission to the PICU, on the basis of characteristic 
histopathology on organ biopsies.! Clinical features consistent with 
HLH included fever, organomegaly, cytopaenias, disseminated 
intravascular coagulation, liver cell failure, hyperlipidaemia and 
acidosis. These patients required intensive care for supportive 
therapy for multisystem failure. Bone marrow, liver and lymph 
node biopsies confirmed the diagnosis in three cases during 
their illness. 

HLH is rare but fatal if not treated. Early diagnosis with specific 
investigations may provide an opportunity for appropriate therapy. 
Intensivists should be aware of the presentation of HLH in ICU 
setting especially masquerading as sepsis with multiorgan failure 
and every effort should be made to diagnose the condition with 
the help of bone marrow examination and histopathology. HLH 
continues to be a highly underdiagnosed condition both in 
paediatric and adult ICU settings. 
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Implementation of evidence base into clinical 
practice in UK intensive care units 


B. H. Cuthbertson, S. A. Stott and N. R. Webster 
Academic Unit of Anaesthesia and Intensive Care, University of 
Aberdeen, Aberdeen AB25 2ZD, UK 


Inhaled nitric oxide bas been used in UK clinical practice for a 
number of years and was widely used in the management of 


ARDS despite the lack of available evidence of benefit to support 
this practice. Current practice was surveyed in 1996 and this lead 
to the development of clinical practice guidelines based on best 
available evidence and was intended to encourage safe practice 
whilst awaiting evidence of benefit! Randomized controlled trials 
regarding the use of inhaled nitric oxide in ARDS followed 
providing an ideal opportunity to study the implementation of 
clinical guidelines based on evolving evidence. 

We surveyed the respondents to our previous survey and asked 
questions regarding current clinical use of inhaled mitric oxide, 
knowledge and views on the UK guidelines for inhaled nitric 
oxide treatmen: and knowledge and views of current evidence. 

We received a 60% reply rate from 50 questionnaires. Of these, 
76% stated that they still used inhaled nitric oxide. Ninety-one 
per cent of respondents still used inhaled nitric oxide for ARDS 
and 54% for other indications. In terms of severity of ARDS, only 
36% followed UK guidelines. Regarding dosage, monitoring and 
delivery, all units administered inhaled nitric oxide according to the 
guidelines with the exception of scavenging and methaemoglobin 
measurement. Many units stated that inhaled nitric oxide was 
only being used for severe ARDS which was non-responsive to 
conventional therapies. A similar number of patients had received 
inhaled nitric cxide this year as in 1996. The vast majority of 
units (86%) were aware of the UK guidelines but only 62% 
followed them and 71% felt that production of guidelines was 
appropriate. Of the units still using ınhaled nitric oxide, 14% were 
not aware of the two major randomized trials that gave evidence 
on the use of inhaled nitric oxide in ARDS. Of the units that were 
aware of these studies, 64% of units felt that the results were 
either equivocal or not supportive of the use of inhaled nitric 
oxide in ARDS. Fifty per cent of these units continued to use 
inhaled nitric oxide. The majority of units (80%) felt that further 
evidence was required and only 28% felt that inhaled nitric oxide 
should no longer be used in the management of ARDS. All 
surveyed units also used other unproven therapies in the 
management of ARDS. 

Inhaled nitric oxide is still widely used in adult ICUs 
predominantly in line with UK guidelines. Encouragingly, most 
users were aware of UK guidelines for inhaled nitric oxide in 
adult ICU and claimed to follow them. Over 70% felt that clinical 
practice guidelines were appropriate to allow the safe use of an 
unlicensed therapy. This suggests that consensus guidelines could 
be put to use in other areas of clinical practice. Most units are 
aware of the major studies of inhaled mitric oxide in ARDS and 
the majority believe that the evidence does not support its use. 
Despite this, use of this therapy continues. This 1s not unique to 
the use of nitric oxide since other unproven therapies are used in 
the management of ARDS. This suggests that much of current 
clinical practice is not evidence based. 
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A comparison of bispectral index with Ramsay 
sedation score in patients sedated with 
dexmedetomidine in the ICU 


R. M. Venn, R. J Cusack, A. Rhodes, P J Newman and 
R.M Grounds 


Department of Intensive Care, St George’s Hospital, Blackshaw Road, 
London SWI7 OQT, UK 


Assessment of the depth of sedation in ICU patients is important 
if the deleterious consequences of over- or under-sedation are to 
be avoided. The Ramsay sedation score (RSS) whilst being easy 
to use, is very subjective in nature and neuromuscular paralysis 
makes interpretation difficult. Measurement of sedation utilizing 
the bispectral index (BIS), a novel and easily interpretatable, 
processed EEG, overcomes these problems, and its use has been 
explored in the ICU setting.! BIS has previously been shown to 
correlate with the modified RSS.? Dexmedetomidine, a highly 
selective alpha 2 agonist, is being investigated for sedation in the 
ICU, and we have studied its effects on BIS and correlated this 
with the RSS in the ICU. 

Following approval of the LREC, six medical patients (mean 
APACHE TI score 23, range 20-26) requiring ventilation in the 
ICU, recerved a dexmedetomidine infusion (0.2-2.5 meg kg! h`’) 
for up to 24 h and depth of sedation was assessed using RSS. BIS 
was continuously monitored on Aspect A-2000 with the sensor 
placed in a fronto-temporal montage. Hourly RSS were recorded 
and corresponding BIS measurements averaged over 1 min. 
ANOVA with Newman-Keuls post test analysis for repeated 
observations and linear regression analysis were used for statistical 
comparison. P<0.05 was considered statistically significant. 

BIS can be usefully used to monitor the depth of sedation with 
dexmedetomidine in the ICU (Table 26), as has been shown 
previously with other agents.? BIS can be classified into a low, 
middle and high range corresponding to RSS of 1&2, 3&4, 5&6, 
when dexmedetomidine is used as the sole sedation agent in 
critically ill patients. 


Keywords: intensive care, sedation; sedation 
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Table 26 Correlation of depth of sedation following dexmedetomidine as 
measuced by Ramsay score (RSS) and bispectral mdex (BIS) Linear 
regression analyais for RSS vs BIS gave R?= 0.93 


No. of 
observations 


RSS 





94 5 (2.4) 
84.8 (4 6) 
60 0 (23 7) 
61 2 (20 6) 
47.7 (14 2) 
42.4 (173) 


P<0.1 vs RSS 1, P<0 05 vs RSS 2 
P<0 001 vs RSS 5 and 6 


Aun kh wWN Re 


4 
4 

21 
49 
56 
20 


Chest drainage: clinical evaluation of a Seldinger 
drainage kit 


C. Patel, A. C. Beaumont and J C. Banks 


Department of Intensive Care, Kent and Canterbury Hospital, 
Canterbury, Kent CT1 3NG, UK 


Chest drain insertion is required in the intensive care unit and 
high dependency care setting. Catheter insertion may be required 
for pneumothorax both spontaneous and iatrogenic, for the drainage 
of pleural effusions, or for the drainage of empyemas, Large bore 
catheters are difficult to insert and may be associated with adverse 
complications.! A new catheter system developed by SIMS Portex 
has been introduced to insert a small catheter into the chest. This 
has been developed to minimise the complications associated with 
conventional tube drainage. The catheter is inserted over a guide 
wire with dilation of the chest wall. The catheter is 285 mm long 
has two lateral eyes and an open end. 

Data are presented on 20 small-bore (12 French gauge) Seldinger 
chest drainage catheters. Three were placed ın children two 
with spontaneous pneumothorax (10 and 15 yr) and one with 
parapneumonic effusion (7 yr). Seventeen further catheters were 
placed in adults: seven for pneumothoraces and 10 for effusions. 
Four catheters were inserted as emergencies for deteriorating 
respiratory function. These patients were all being ventilated on 
the intensive care unit. 

All catheters were inserted with ease into the pleural space. 
Ultrasound guidance for effusions to assess the presence of 
loculations, or X-ray diagnosis of the pneumothorax prior to 
catheter insertion was used for all cases. One catheter system 
needed to be removed due to apparent blockage AH the other 
catheters performed well draining an average of 2.1 litre of fluid 
for the effusions and reinflating the lung in all the patients with 
pneumothoraces. 

Small-bore catheter chest drainage is simple and effective * The 
use of a guide wire system has advantages over conventional open 
chest drain insertion. There is less possibility of damage to the 
underlying lung tissue, less probability of the introduction of air 
into the thoracic cavity and greater operator confidence. The 
catheter is more comfortable, easier to insert, and effective in 
clinical use. This study confirms that small catheters are effective 
for emergency and non-emergency pneumothorax and effusion 
drainage. 
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An assessment of attitudes to pulmonary artery 
flotation catheters in the United Kingdom and 
Ireland 


R. Greer and J. Benson 


Intensive Care Unit, Manchester Royal Infirmary, Oxford Road, 
Manchester M20 2UZ, UK 


There 1s concern over the safety of the use of pulmonary artery 
flotation catheters (PAFC) in the United Kingdom.! We were 
unable to find any data directly applicable to practice in the United 
Kingdom and Ireland. The aim of our study was to assess the 
practice in this country by the use of a telephone questionnaire. 
A standardised questionnaire was used and answered by senior 
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Table 27 Indications for placing a PAPC 








Indicator Incidence 
ARDS 91% 
Sepsis 85% 
Use of inotropes 73% 
Nitric oxide therapy 67% 
Pulmonary hypertension 58% 
Eclampsia 46% 
Raised intracranial pressure 12% 
Renal support 8% 





medical personnel. We phoned 48 intensive care units who had 
more than 8 beds and we stipulated that the answers reflected 
practice in the unit. 

We found that a trainee routinely passes the pulmonary artery 
flotation catheter however the decision to pass a PAFC was only 
made by a consultant in 30% of cases. In more than 80% of 
intensive care units less than 40% of patients had a PAFC in situ. 
The incidence of indications for placing a PAFC are sited in 
Table 27. 

In the intensive care units in our survey the main forms of 
measurement of cardiac output were cold injectate (77%), 
continuous thermodilution (48%), echocardiography and Doppler 
methods (4%), and thoracic bioimpedance (2%). 

In over 90% of cases the measurements routinely taken with 
the PAFC were pulmonary artery pressure, pulmonary capillary 
wedge pressure, cardiac output, central venous pressure and 
systemic vascular resistance. Oxygen delivery (48%), oxygen 
consumption (40%), mixed venous saturation (50%) and nght and 
left stroke work index (<35%) were less frequently recorded. 

Our data suggest that ın only 20% of the units we studied was 
a pulmonary artery flotation catheter routinely used. In addition it 
appears that not all clinicians in the United Kingdom and Ireland 
feel that a PAFC is indicated in a number of well documented 
clinical situations. 
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A simple method for calculating the required size 
of a high dependency unit 


O. A. Williams, J. A. Grabham!, P. P Musto and D. G. Raitt 


Directorates of Anaesthesia and 'Surgery, Leicester General Hospital 
NHS Trust, Gwendolen Road, Leicester LES 4PW, UK 


As part of a business plan for the establishment of a high 
dependency unit (HDU) ın a 742 bedded acute teaching hospital, 
a study was carried out to establish the number of beds required. 
The hospital already had a six-bed intensive care unit (ICU), with 
a seventh bed staffed part-time to provide postoperative care for 
elective surgical cases. Over a 2-week period, one investigator 
(JAG) visited each of 16 acute wards daily, to identify patients 
appropriate for HDU admission. He also visited the ICU to identify 
any patients for whom HDU would provide a step-down facility, 
and examined operating theatre recovery records to identify any 
patients who could not be returned to the general ward within 3 h 
following their surgery. 

At each visit, the nurse in charge was asked to identify any 
patients requiring additional nursing care or in need of increased 
monitoring. Each patient was assessed using the Therapeutic 
Intervention Sconng System (TISS).! A score of greater than 


10 indicated suitability for HDU admission. Physiological and 
biochemical data were also collected to allow calculation of each 
patient’s Simplified Acute Physiology Score (SAPS ID? and hence 
calculation of predicted mortality. 

During the 14 day period, 35 patients were identified as requiring 
additional care. Their mean TISS score was 14.1 (range 10-33) 
and their mean predicted mortality was 5.7% (0-19.6%). Each 
patient had a predicted average HDU stay of 2.2 days (1—5 days) 
to give a total of 76 patient days. The occupancy of the proposed 
HDU ranged from 3 to 8 patients per day with a mean of 5.4 per 
day, suggesting that an HDU containing a minimum of six beds 
would be appropriate to serve the needs of the hospital. 
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Heart rate variability displays L/f noise in critical 
illness and correlates with severity of multiple 
organ dysfunction 


S. Tibby!*, H Frndova! and P Cox! 


Hospital for Sick Children, 555 Unwersity Ave, Toronto, M5G, Canada 
2Guy’s Hospital, London, UK 


Tt has been postulated that multiple organ dysfunction (MOD) 
results from an uncoupling of connections between organs, which 
can be viewed as biological oscillators, with subsequent loss of 
‘complex’ or adaptive behaviour of the body as a whole. If so, 
this process may be demonstrated by loss of vanabulity in individual 
organs. To test this hypothesis, we measured heart rate variability 
(HRV) in a cross section of ICU patients, using a non-linear model 
based on variations occurring in many complex naturally occurrmg 
systems. These variations obey a power law (known as 1/f noise) 
when plotted as frequency distributions with log-log axes. The 
power relationship is such that a£? = f, where E is the amount 
of variation, f is the frequency of observations, and b and log (a) 
refer to the slope and intercept, respectively. We postulated that 
increasing MOD would be associated with loss of HRV. 

A 5-min, real-time ECG recording was downloaded to a personal 
computer at a sample frequency of 500 Hz utilizing an analogue 
to digital data translation board. Instantaneous heart rate was 
calculated for each RR interval, artefact screened and excluded 
using a Poincaré plot, and the mean heart rate was calculated. 
Absolute variations from the mean were plotted on a 20-bin 
histogram, and from this a frequency distribution was plotted in 
log10-log10 spece, producing a unique regression line for each 
measurement. Patients were grouped according to number of 
organs failing (0-1, 2, #3) along the lines of mortality risk. 

A total of 109 measurements, made on 52 children, median age 
7 months (range 2 days to 16 yr) were spread across organ failure 
groups such that: 0-1 organ failures (n = 56), 2 (n = 32), and #3 
(n = 21) (Figure 2). Breakdown of individual organ failures gave: 
respiratory (n = 67), cardiac (n = 48), haematologic (n = 19), 
liver (n = 16), renal (n = 13), neurologic (n = 7). Regression 
analysis gave an overall mean (sp) 7? of 0.87 (0.09), with no 
difference between organ failure groups (P = 0.46). The mean 
(sp) slope for all patients was —1.80 (0.29), and again was similar 
regardless of the degree of MOD (P = 0.24). The three groups 
showed significant differences for both the x- and y-intercepts, with 
decreasing HRV (i.e. left-shifted regression lines with decreasing 
intercept) seen amongst those with greatest MOD (ANOVA 
P<0.001 for all groups). A multiple regression model showed 
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Fig 2 Heart rate variability ın patients with varying numbers of organ 
failures. 


this to be independent of the potential confounding factors: 
inotrope, opiate or benzodiazepine use. 


(1) HRV exhibits 1/f noise, as shown by the high 7? value, and 
consistency of slope. 

(2) HRV can be quantified by change in intercept of the regression 
line. 

(3) Loss of HRV (evidenced by a left-shifted regression line) is 
seen with increasing MOD. 

(4) This effect appears to be independent of motrope, opiate or 
benzodiazepine use. 

(5) These findings are consistent with MOD representing an 
uncoupling of inter-organ communication, and this model may 
be used as a marker for disease severity. 
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Surfactant supplementation in respiratory 
syncytial virus bronchiolitis 


S. M. Tibby!, M Hatherill!, S M. Wright?, P. Wilson!, A. D. Postle” 
and L A. Murdoch! 
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2Southampton General Hospital, Southampton, UK 


Infants with respiratory syncytial virus (RSV) bronchiolitis are 
deficient in surfactant, both in quantity and ability to reduce 
surface tension. Evidence also suggests surfactant has a role 
in maintaining the patency of conducting airways which has 
implications for RSV bronchiolitis. A randomized, controlled trial 
was undertaken to assess the effects of exogenous surfactant 
supplementation to RSV positive infants on pulmonary mechanics, 
indices of gas exchange, and the phospholipid composition of 
bronchoalveolar lavage fluid (BALF). 

Nineteen ventilated infants (median corrected age 4 weeks) 
received either two doses of surfactant (Survanta, 100 mg kg!) 
within 24 and 48 h-of mechanical ventilation (n = 9), or air 
placebo (n = 10). Lung mechanics were measured using the single 
breath occlusion technique, before dose, and at 1, 2 and 6 h after 
each dose. BALF were taken before the first dose, and 24 h after 
the second. Phospholipid profiles were measured by electrospray 
ionisation mass spectrometry. Statistical analysis employed 2-way, 
repeated measures ANOVA, with post hoc Bonferroni adjusted 
t-tests comparing time point 0 h (before treatment) and 30 h (6 h 
after second treatment). 

Infants were well matched in terms of age, prematurity, chronic 
lung disease and severity of lung disease at enrolment. Static lung 
compliance and resistance of infants in the placebo but not in the 


Table 28 Static lang compliance and resistance of ventilated infants 





Oh 30h Bonferroni P 
Compliance Placebo 036 0.27 P<001 

(ml cm HO! kg!) Surfactant 040 0.37 P=04 
Resistance Placebo 229 391 P<0 001 

(cm H20 litre! s7!) Surfactant 253 226 P=09 


surfactant-treated group became progressively worse over the first 
30 h following enrolment (Table 28). 

Surfactant-treated infants showed a more rapid improvement ın 
oxygenation and ventilation indices and alveolar-arterial gradient 
over the first 60 h of mechanical ventilation. Surfactant status was 
assessed from the concentration ratio in BALF of the disaturated 
phospholipid species dipalmitoylphosphatidylcholine to that of 
the monounsaturated species palmitoyloleoylphosphatidylcholine. 
This ratio correlated with both lung compliance (r = 0.53, P = 
0.02) and resistance (r = —0.50, P = 0.03), and over tıme increased 
in the treated group and declined ın placebo infants. 

These data suggest that functional surfactant has a role in 
maintaining small airway patency in RSV infected infants and 
supplementation has the potential to reduce length of ventilation 
and barotrauma. 


Keywords: infection, viral; lung, surfactant 


Is pre-optimization of patients undergoing major 
surgery justified? 


R. G. Rowlands and A. Beaumont 


Kent and Canterbury Hospital, Ethelbert Road, Canterbury, Kent 
CTI 3NG, UK 


Wilson and colleagues! recently published a randomized, 
controlled, trial focusing on the pre-optimization of high risk 
surgical patients undergoing major surgical procedures which 
appeared to show a clear benefit in preoperative mtervention 
versus control in terms of reducing mortality, morbidity and 
hospital stay. Our remit was to conduct a prospective audit, 
utilizing POSSUM (physiological and operative severity score for 
the enumeration of mortality and morbidity)? analysis, to ascertain 
whether the actual risks of mortality and morbidity would match 
those expected in a similar control group of patients at Kent and 
Canterbury Hospital. 

Between May 17 and July 5, 1999, 33 consecutive elective 
patients undergoing major surgery, as defined by POSSUM, were 
identified and followed up until discharged from hospital. All 
patients received routine anaesthetic and postoperative care and 
12 were admitted to intensive care postoperatively. 

Median predicted msks of mortality and morbidity were 
calculated using the POSSUM scoring system and these values 
compared favourably with those predicted of the contro! group in 
the York study (Table 29). In addition the median ages of the 
patients in the study were simular as were the range of operations 
conducted. Actual risks of mortality and morbidity were 
significantly lower than the expected msks calculated and also 
lower than the York control group. 

The high mortality of the York control group would seem to 
exaggerate the perceived benefit of pre-optimization when 
compared with the treatment group. Our study shows that a 
relatively low risk of mortality can be achieved with standard 
practices and would cast doubt on the need to subject whole 
surgical populations to vigorous pre-optimization therapy with the 
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Table 29 Mortality and morbidity data for patients receiving standard post- 
operative care at Kent and Canterbury Hospital compared with control group 
at York District Hospital 


K and C York! 

Age 70 71.5 
Risk of mortality (%) 

Predicted 117 13.8 

Actual 60 17.0 
Rusk of morbidity (%) 

Predicted 493 570 

Actual 42.4 610 


massive additional investment in intensive care services that would 
be needed 


Keywords: intensive care, audit 
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Changes in intensive care admissions with an 
interval of 5 years: a case-matched comparison 


A. Sease, D. R. Goldhill and A. Sumner 


The Intensive Care Unit, the Royal London Hospital, 
London El 1BB, UK 


Severity scoring systems, such as the Acute Physiology and 
Chronic Health Evaluation II (APACHE ID!, are used to predict 
the outcome of patients admitted to the intensive care unit (CU). 
Despite improvements in knowledge, equipment and skills, there 
is little convincing evidence from standardised mortality ratios 
(SMR: predicted hospital mortality/observed hospital mortality 

that intensive care outcome has improved over a period of time. 

The inability to detect changes in ICU outcome over time may 
be a result of limitations in severity scoring methods,’ or changes 
in patient characteristics and severity of illness. A case-matched 
study of ICU admissions over two separate time periods is one 
way of investigating this issue. 

Data on ICU admissions with a diagnosis of isolated head 
injury, chronic obstructive airway disease (COAD) or asthma were 
extracted from the North Thames ICU database.? Where possible 
each admission in 1992/1993 was matched for diagnosis, age and 


sex with one admission 5 yr later m 1997/1998. Differences 
between the time periods were examined using the Wilcoxon test. 
A P<0.05 was taken to be significant. 

A total of 350 admissions were matched. From each time period 
there were 52 matched patients with isolated head injury, 86 with 
COAD and 37 with asthma (Table 30). Average age was 52.6 (sp 
18.9, range 17-85) and 62% were male. 

No significant differences were found between selected matched 
patients admitted to ICU 5 years apart. The results suggest that 
there have bean no marked changes in either the patient population 
or outcome over this time period. 
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Selective decontamination of the digestive 
tract — current national practice 


J. R. Nixon and M S Nielsen 


General Intensive Care Unit, Southampton General Hospital, 
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The use of selective decontamination of the digestive tract (SDD) 
in the intensive care setting was first reported ın 1984! and, since 
then, has been the subject of many further studies. Two large 
meta-analyses have been conducted? * and have suggested that, 
used alone, the topical element of SDD reduces the incidence of 
nosocomial respiratory tract infections (NRTIs), but has no impact 
on mortality. When the systemic element is added, however, not 
only are NRTIs prevented, but mortality is also reduced. It was 
estimated that either six”, or five? patients had to be treated to 
prevent one NRTI and 23 to prevent one death. This would appear 
to be a worthwhile effect and one which, in terms of supporting 
evidence, compares favourably with some interventions used 
commonly in clinical practice. Despite this, there is an impression 
that SDD is very little used in this country and this study sought 
to explore this. 

In September 1998, a questionnaire was sent to the directors of 
all general intensive care units (ICUs) in the UK and Ireland (n = 
289). In addition to basic information about the unit, it asked 
whether SDD was in routine use, if so whether both topical and 


Table 30 Comparison of matched ICU admussions m 1992/3 and 1997/8 GCS = Glasgow Coma Score, assumed normal (15) 1f unknown; ICU stay in days, 


APACHE II score, ROD = predicted risk of death from APACHE H 





Head injury COAD 
92/93 97198 92/93 
GCS median 6 5 12 
ICU stay 
average 3.6 46 104 
median 2 2 5 
APACHE II 
average 146 157 217 
sD 81 80 19 
ROD. 
average 0.19 0.21 038 
sD 015 0.20 0.24 
% Deaths: 
ICU 15 19 26 
hospital 21 22 40 








Asthma All patients 
97/98 92/93 97/98 92/93 97/98 
14 15 15 il 13 
87 59 40 74 65 
4 2 2 3 3 
211 15.4 131 18.2 178 
78 88 71 88 8.4 
0.36 013 005 027 025 
0.24 023 0.06 0.24 0.23 
28 5 3 18 20 
42 5 5 27 28 
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systemic slements were used, and whether it was used on all or 
selected cases If SDD was not routinely used, it asked for the 
reasons. A telephone follow-up of non-responders was undertaken. 

Responses were obtained from 222 ICUs (77%). Of these, 66 
were in teaching and 156 ın non-teaching hospitals. A total of 
213 umts (96%) never used SDD. The nine units that did use it 
(six teaching, three non-teaching) did so only in selected cases. 
The commonest reason for selective use was major trauma, 
but liver failure, liver transplants, long-stay patients, burns and 
oesophageal perforation were also cited. Of the nme units using 
SDD, all but one used combined topical and systemic antibiotics 
A lack of evidence of efficacy was the commonest reason for 
non-use (184 units) but concerns were also expressed about costs 
and cost-effectiveness (47 units) and the development of resistant 
organisms (35 units). 

Unusually for intensive care practice, SDD represents a treatment 
for which there is reasonable evidence of efficacy and yet one 
which, paradoxically, is rarely used It 1s particularly interesting 
that the lack of such evidence 1s most commonly cited as the 
reason for non-use. The potential for producing resistant organisms 
and the issue of cost-effectiveness are, as yet, unquantified and 
may prove to be more valid reasons 


Keyword: gastrointestinal tract 
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Sequential organ scoring as a measure of 
effectiveness of critical care 


C. Hutchinson, S. Craig and S. Ridley 


Cutical Care Complex, Norfolk and Norwich Acute NHS Trust, 
Brunswick Road, Norwich NRI 3SR, UK 


Introduction: Our objective was to establish whether sequential 
organ scoring could be used on the intensive care unit (ICU) as a 
measure of effectiveness of care. There is no current data to 
support the assumption that intensive care is of benefit to patients 
and no established method of measurement. Randomized controlled 
trials are ethically and practically difficult to perform. In-hospital 
mortality 1s influenced by case-mix, and reflects institutional rather 
than specifically ICU performance. 

Design: Observational non-randomized study of 100 consecutively 
admitted patients over a 5 month period between September 12, 
1998 and February 12, 1999 whose duration of stay on the ICU 
exceeded 48 h. 

Methads: Simple demographic data were collected (age, source 
and type of referral, diagnosis, premorbid condition). Organ 
dysfunction was assessed daily using the Logistic Organ 
Dysfunction System (LODS) as described by Le Gall! — 
measuring twelve physiological vanables reflecting cardiovascular, 
respiratory, neurological, hepatic, renal and haematological 
status — using the worst physiological values for the preceding 
24h Scores ranged from 0 (normal) to 22 (maximal derangement) 
Main outcome measures: Change between score on admission 
and 72 h later, and comparison with eventual hospital mortality. 
The percentage of patients in whom there was no change or a 
decrease in organ score over this period. 

Results: Seventy-five patients’ stay exceeded 72 h. A decrease or 
no change in LODS score over this period was associated with 


eventual hospital survival The specificity (true prediction of 
survival) was excellent (0.95) We were able to achieve no change 
or an improvement im organ dysfunction in 80% of our patients. 

However, the ability to correctly predict death from a change 
in score was poor (sensitivity 0.36). In general, the change in 
score overestimated the chance of survival. 

In terms of individual organ function, intensive care was able 
to consistently improve scores relating to the cardiovascular, 
respiratory and renal systems over the first 72 h of care, but not 
the neurological, hepatic or haematological systems. 
Conclusions: The hallmark of modern intensive care ıs general 
organ support. Physiological improvement over the first 72 h of 
care 1s largely due to reversal of cardiovascular, respiratory and 
renal dysfunction. Daily organ scoring usefully reflects the ability 
of an intensive care unit to stabilise or reverse physiological 
dysfunction, and this has been shown to predict eventual survival. 
As a means of companson between units, we suggest that a figure 
of 80% improvement or no change ın score over the first 72 h of 
admussion could be a standard of care, whilst accepting that this 
may need to be reviewed based on other institutions’ findings. 
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The protective effect of hydroxyethyl starch on 
pulmonary function in infra-renal aortic surgery 
is independent of neutrophil elastase 


D. Rittoo!, P Gosling’, S Burnley’, C Bonnier’, P Millns°, 
M. H Sımms!, S R G Smith! and R K. Vohra! 
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Background: Previous investigations have suggested that 
neutrophil derived proteases play a significant role in the 
development of ischaemia—reperfusion (I—R) related lung injury 
Hydroxyethy! starch solution has been shown to protect against 
the I-R induced injury in anımal models.! 

Aims: To investigate the effects of volume expansion with 
hydroxyethyl starch (eloHAES) on pulmonary function and 
neutrophil elastase release (NER) 

Patients and methods: Twenty patients undergoing infra-renal 
elective aneurysm surgery were randomly allocated to receive 
either gelofusine or eloHAES solution Uninary albumin excretion 
and plasma elastase were measured pre-operatively (TO), before 
cross clamp of the aorta (T1), after reperfusion (T2), subsequently 
four hourly for 12 h (T3,4,5), and on the first postoperative day 
(T6). The albumin excretion was expressed as albumin creatinine 
ratio (ACR) in mg mmol”!, and the plasma elastase in ug litre”! 


Table 31 Albumin creatine rato (ACR), plasma elastane (NER) and lung 
injury score (LIS) following eloHAES or gelofusine during elective aortic 
aneurysm repair, * P<0 05, **P = 003 Mann-Whitney test 


TO Ti T2 T3 T4 TS T6 





ACR eloHAES 270 700 695* 475% 295 220 280 
gelofusme 235 1405 163 84 255 21 24 

NER eloHAES - 47 108 106 1045 98 102 
gelofusine — 73 107 9 100 114 127 

LIS eloHAES 0 0 os os œ* 05 0 
gelofusine 0 0 1 1 1 0.5 1 
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These were correlated with the lung injury score (LIS) determined 
by Pao,/Fig,, chest X-ray and lung compliance. 

Results: The ACR increased ın all patients following reperfusion 
and was lower in the eloHaes group indicative of less systemic 
capillary leaks (Table 31). The LIS was significantly lower in the 
eloHAES treated patients for up to 8 h following reperfusion. There 
was no difference in neutrophil elastase during the study period. 
Conclusions: EIOHAES reduces systemic protein extravasation 
and limits pulmonary dysfunction. This effect appears to be 
independent of elastase release. 


Keywords: lung, function; enzymes, elastase 
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Effect of inspiratory waveform on pulmonary 
ventilation and gas exchange 


M. Ravishankar! and M. Naushad? 
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The effect of square (constant) and decelerating inspiratory 
waveform on pulmonary ventilation and gas exchange were 
studied on 20 patients with apparently normal Jungs, who were 
mechanically ventilated in volume controlled mode using Puritan 
Bennett 7200 respirator. The conventional ventilatory parameters 
like the tidal volume, respiratory rate, positive end expiratory 
pressure (PEEP), inspiratory to expiratory ratio (VE ratio), 
inspiratory pause duration and inspired oxygen concentration 
(Fig,) were all kept constant throughout the 4-h study period. The 
square waveform was applied for the initial 2 h followed by 
decelerating waveform for the next 2 h. 

The parameters monitored every hour, for 4 h included peak, 
mean and plateau pressures; respiratory mechanics as resistance 
and static compliance. The arterial blood gases were sampled to 
measure the oxygen tension (Pao,), carbon dioxide tension (Paco,), 
the hydrogen ion concentration (pH), the alveolar — arterial oxygen 
gradient A-a(DO), the arterial — alveolar oxygen ratio (a/A ratio) 
and the shunt fraction (Qs/Qt) with the help of Slide rule 
assessment! of venous admixture; haemodynamics like heart rate, 
non-invasive blood pressure, central venous pressure, arterial 
oxygen saturation, temperature and urine output. 

Statistical analysis was performed using one way ANOVA with 
F<0.05 as significant followed by Student’s ‘? test for paired 
samples with P value <0.005 as significant. 

Decelerating flow pattern produced significant reduction of peak 
airway pressure and shunt fraction (Table 32).? A significant 
improvement in oxygenation with mcrease ın mean airway 
pressure” and resistance was observed. There was near significant 
increase in the compliance? and no significant change in the 
alveolar—arterial oxygen gradient, arterial carbon dioxide tension, 


acid—base status and haemodynamics when compared to the square 
flow pattern. 
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The anaesthetic aspects of performing 
percutaneous tracheostomies in intensive care: 
report of a postal survey 
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There have been several reports in recent literature regarding 
various anaesthetic techniques used in performing percutaneous 
tracheostomies in the intensive care unit (CU) ! A postal survey 
was designed to assess the routine practice for this procedure on 
the Intensive Care Umt. 

A 1-page, tick-box questionnaire was sent to the clinical 
directors of 237 ICUs in the United Kingdom. The questionnaire 
could be answered anonymously. The 12 main questions asked 
were: (1) Do you perform percutaneous tracheostomies on your 
ICU? (2) Do you take any patients to the operating theatre for 
percutaneous tracheostomies? (3) Do you routinely stop nasogastric 
feeding before the procedure? (4) Do you give the patient 100% 
oxygen? (5) Do you paralyse the patient? (6) Which anaesthetic 
technique do you routinely use? (7) Do you routinely use 
endoscopic guidance? (8) Who maintains the airway? (9) How 1s 
the airway maintained? (10) Do you routinely use capnograhy? 
(11) Do you leave the patient attached to the ICU ventilator or 
use an anaesthetic machine? (12) Have you encountered any 
problems with airway management during the procedure? 

There were 185 replies, producing a response rate of 78%. Of 
those who responded, 159 (86%) routinely performed percutaneous 
tracheostomies on the ICU and 14 (7.6%) also occasionally 
performed percutaneous tracheostomies ın theatre. Of the 159 
ICU’s that performed percutaneous tracheostomies, 148 (93%) 
aspirate the nasogastric tube immediately prior to the procedure. 
Of these, 141 (88.7%) also stopped nasogastric feeding at varying 
intervals in advance of the procedure. There were 155 (97.5%) 
units that administered 100% oxygen during the procedure, and 
144 (90.6%) units paralysed the patient. Of the varying anaesthetic 
techniques used, 80 (50.3%) used a combination of intravenous 
sedation and local infiltration, 71 (44.7%) used intravenous 
sedation alone and 5 (3%) used an inhalational technique with or 
without local infiltration and/or intravenous sedation. Eighty-seven 
(54.7%) units routinely used endoscopic guidance as part of the 
procedure and in 53 (61%) of these units the same person who 
performed the endoscopy also maintained the airway. In nearly 
all units, 158 (99.3%), the airway was maintained by an intensivist 
or an anaesthetist, who in 129 (81%) units pulled back the standard 


Table 32 Effect of inspiratory waveform on ventilation and gas exchange parameters (mean (SD)). f<0.05 , P<0 005 








Peak flow Peak press Mean press Resist Pao, aA Qs/Qt 
Square wave 30 50 (5 1) 22 90 (3 5) 9 097 (0 95) 8.955 (2 1) 134.38 (20 4) 0 645 (0.10) 6.16 (2 4) 
Decel wave 55 05 (8 2) 20 02 (2.9) 9.69 (0.92) 11 24 (2 1) 145.13 (22.1) 0 699 (0.11) 505 (2.4) 
F value 0.0000 0 0002 0 0056 0.0000 0.0268 0 0277 0 0460 
P value 0 000 0 000 0 000 0 000 0.000 0.000 0 000 
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endotracheal tube. The other methods employed for airway 
maintenance included the insertion of a micro-laryngeal tube, 
laryngeal mask airway or a high-pressure low volume tube. Only 
50 (31.5%) used capnography. In most units, 151 (95%), the 
patient was left attached to the ICU ventilator and 6 (4%) used 
an anaesthetic machine as the method of ventilation. The most 
common complications encountered were puncture of the cuff, 
endotracheal tube or the posterior tracheal wall. Loss of airway 
and minor bleeding were also frequently reported. 
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Safety of interhospital transport of critically ill 
patients: specialist and non-specialist transfer 
teams 
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In a drive to improve the standard of interhospital transport of 
critically ill patients, regional transport teams have been 
established. However, there is no evidence that such services 
improve mortality in intensive care units (ICU). 

The SICSAG collate data collected on consecutive admissions 
to adult general ICU in Scotland. A preliminary investigation of 
its database was conducted to compare mortality after transport 
by a regional transport team with mortality after transport by non 
dedicated teams. Those patients transferred to participating ICU 
from 1/1/95 to 30/6/98 (n = 1805) were identified. A total of 106 
patients were excluded from severity scoring. Patients transferred 
by The Clinical Shock Study Group, a specialised regional 
transport team, were identified using the team’s database. 

The regional transport team transferred 583 patients. The median 
Acute Physiology And Chronic Health Evaluation (APACHE) IT 
score for the first 24 h of admission to ICU was 19. The 
Standardized Mortality Ratio (SMR) was 0 92 with 95% confidence 
intervals (CI) of 0.83—1.02. Those patients not transferred by the 
specialist transfer team numbered 1102 and had a median APACHE 
I score of 17. The SMR was 0.94 with CI of 0.86-1.02. 

These figures provide no evidence that patients transferred by 

specialized regional transport teams have a lower mortality than 
those not transferred by a dedicated team. 

It is clear that transport is only one of the many variables that 
influence mortality. The differences may simply not be measurable. 
In addition, the timing of APACHE H scoring in transferred 
patients is notoriously difficult. Therefore calculated SMR may 
be erroneous, though both groups should be affected by the same 
variables in this calculation. Lastly, in recent years authoritative 
guidelines have suggested that transfers be undertaken by 
competent experienced staff of an appropriate speciality.’ This 
has been reflected by some gradual te te in the quality 
of interhospital transfers.” 
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There are few reports describing the demographic details and 
outcome of critically ill patients transferred into intensive care 
units (ICU) from other hospitals. We analysed the SICSAG 
database containing data which are collected on consecutive 
admissions to adult general ICU in Scotland. 

Between January 1, 1995 and December 31, 1997 there were a 
total of 20738 ICU admissions, of which 1805 (8.7%) were 
admitted after transfer. A total of 106 patients were excluded from 
the severity scoring. Transferred patients had a median age of 
55 yr with a range of 16-89 yr. The mean Acute Physiology And 
Chronic Health Evaluation (APACHE) II score for the first 24 h 
of ICU admission was 18.3 and the Standardized Mortality Ratio 
(SMR) was 0.94 with 95% confidence intervals (CI) of 0.88~1.0. 
For hospital survivors the mean APACHE II score was 16. A total 
of 509 (30%) patients died in hospital and in this group the mean 
APACHE II score was 23.7. The median length of stay (LOS) in 
ICU was 4.2 days, and an interquartile range (IQR) of 1.55-10.0 
days in all patients. In survivors the median LOS in ICU was 4.6 
days, with an IQR of 1.7—10.2 days, compared with a median 
LOS of 3.1 days (QR of 1 1-9.6) in ICU non-survivors. 

There were 105 different diagnostic categories for transferred 
patients. These have been further classified into: respiratory 24.5%, 
cardiovascular 21.2%; trauma 14.8%; gastrointestinal 12.1%; 
neurological 9 7%; other 6 4%; sepsis 5.5%; renal 3.6%, hepatic 
1.4% and haematological 0.7% 

It 1s surprising that only 3.6% of transferred patients had a 
primary renal disorder. This may reflect that the increasing use of 
haemofiltration in ICU has led to a reduction in tertiary referral 
in these patients. This preliminary analysis also demonstrates that 
45.7% had a primary respiratory or cardiovascular diagnosis, 
compared to 28% reported previously.! However, the reason for 
admission to ICU is not necessarily the same as the reason 
for transfer. 

Further work is required to identify relevant differences in 
demographics and outcome between this group and patients who 
have not been transferred. 
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Transport of critically ill patients has been associated with 
significant haemodynamic complications.! However, ıt has also 
been shown that it can be accomplished safely.? Therefore we 
sought to ascertain whether interhospital transport of critically 
ill patients, undertaken by a specialist regional transport team, 
influences mortality. 

The SICSAG collate data collected on consecutive admissions 
to adult general intensive care umts (ICU) in Scotland and 
identified 20 738 ICU admissions to 23 units between January 1, 
1995 and December 31, 1997. The database of a regional specialist 
transport team allowed us to identify those patients transferred by 
the team to ICU for both bedspace problems (n = 307) and for 
upgraded facilities (n = 276). 

The mean Acute Physiology And Chronic Health Evaluation 
(APACHE) If score in the Scottish population was 18.3, and the 
Standardized Mortality Ratio (SMR) was 0.95 with 95% confidence 
intervals (CI) of 0.93-0.97 Patients transferred by the regional 
transfer team had a mean APACHE II score for the first 24 h of 
ICU admission of 19 and the SMR was 0.93 (CI = 0.86-1.00). 
In those transferred for bedspace shortage, the mean APACHE II 
score was 18 and the SMR was 0.81 (CI = 0.67-0.94). For patients 
transferred requinng upgraded facilities the mean APACHE II 
score was 20.7 and the SMR was 1.06 (CI of 0.93-1.18). 

This preliminary analysis demonstrates no significant difference 
in SMR between transferred patients and ICU patients Transport 
by a regional transfer team, therefore, appears not to improve 
mortality. 

In comparison with the overall SMR for transferred patients, 
there are trends for lower SMR for bedspace transfers and 
higher SMR for upgrades. Although these do not reach statistical 
significance, they presumably reflect the different case mix of the 


two groups. 
Keywords: intensive care; transfer 
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What stress ulcer prophylaxis do you use? 


R. Carr and J. Casement 
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The subject of stress ulcer prophylaxis has been an area of 
controversy ın critical care medicine, both as to whom should 
receive prophylaxis and with what agent. Recent evidence has 
clarified those patients most at nsk (respiratory failure and 
coagulopathy)’ and shown the superiority of Hy antagonists” at 
prgventing-upper gastrointestinal haemorrhage without a significant 
increase in mosdcomial pneumonia. A recent editorial? has 
‘suggested that we not only look at what and when we use 
prophylaxis, but also its cost effectiveness. We have assessed 
, the current clinical, practice in the 24 ITUs within the West 
`, Midlands Region. 

` -point prevalence telephone questionnaire of stress ulcer 
prophylaxis was carried out. The questions were directed to the 
senior nursing or medical staff. These were: 


(1) Does your unit have a stress ulcer prophylaxis protocol? 

(2) If yes, is prophylaxis routine, or do you target high-risk 
groups? 

(3) If no is it left to the individual clinician to make a decision 
regarding prophylaxis? 


Table 33 Protacols for stress ulcer prophylaxis 








Drug used Protocol used, Protocol used, No protocol Total 
routine targeted used 
prophylaxts prophylaxis 
Sucralfate 0 0 2 2 
Ranthdine 4 3 15 22 





(4) What prophylaxis is used? 
(5) How many patients are on your unit today? 
(6) How many are receiving prophylaxis and what type? 


A total of 112 patients were in ITU beds on the day of the 
study Fifty-six were receiving prophylaxis, 51 of these were on 
ranitidine and five were on sucralfate. Two patients were receiving 
proton pump inhibitors for active gastrointestinal bleeding. 

The majority of units had no protocol for the use of stress ulcer 
prophylaxis. All units with, and most units without, a protocol 
used ranttidine (Table 33). The use of sucralfate was confined to 
only two units, which did not have a protocol. Few of the protocol 
units however targeted their usage of prophylaxis at the high-risk 
patient. In units without a protocol we were unable to assess 
whether there was targeted or routine prophylaxis. The majority 
of units in our region follow best available evidence as regards 
the type of agent for prophylaxis. Use of ramitidine is more 
prevalent than in a previous study, 91% vs 46% of units surveyed.* 
Units which continue to give ‘blanket’ prophylaxis rather than 
restrict its use to those at high risk reduce the cost effectiveness 
of prophylaxis. 
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Are we any better at predicting pulmonary artery 
occlusion pressure? 
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The usefulness of pulmonary artery catheterization in the critically 
ill is questionable,! but the measurement of haemodynamic 
variables permits a rational approach to management The 
placement of pulmonary artery flotation catheters (PAFCs) is 
influenced by the perceived inability of the clinician to determine 
haemodynamic status from clinical evaluation alone.” After 20 yr 
of experience in the use of the pulmonary artery catheter are we 
any better at predicting what we are measuring? 

Four intensive care units in the South East of Scotland 
participated over a 6-month period. Pulmonary artery occlusion 
pressure (PAOP) and cardiac index were estimated immediately 
before PAFC placement. This abstract is confined to the results 
of PAOP estimations and actual values. In advance of analysis a 
difference of +3 mmHg was considered clinically wsignificant. 
Actual values were divided into three bands: <8 mmHg, 8-16 
mmHg and >16 mmHg 

Data on 92 patients were suitable for analysis. Four patients 
were excluded due to incomplete information. The mean age was 
61 yr. The PAFC was placed within 48 h of admussion to the 
Intensive Care Unit in 87 patients. In 70 patients the placement 
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of the PAFC was consultant directed. Sixty-one patients (66.3%) 
had a clinically insigmificant difference between predicted and 
actual PAOP Of the remaming 31 patients (33.6%), 11 patients 
were just out with the set criteria (4 mmHg difference) and this 
did not affect their management. Thirteen patients had estumations 
and actual measurements which were in different bands. Actual 
PAOP measurement revealed mne of these patients to be underfilled 
(six septic, three others). Two septic patients, estimated to be very 
underfilled, had elevated actual PAOP measurements (predicted 
PAOP S and 12 mmHg, actual PAOP 25 and 20 mmHg 
respectively). Prediction of pulmonary artery occlusion pressure 
is generally accurate, however clinical judgement may fail to 
diagnose significant underfilling ın patients with sepsis. It 1s 
debatable whether PAOP accurately reflects volume status, but 
five of these patients had a measured PAOP of 4 mmHg or less, 
and only one of these patients was judged to be underfilled Two 
patients who were shocked (meningococcal septicaemia and bowel 
obstruction) were judged to be underfilled, but both had a PAOP 
=20 mmHg. It is hard to believe that this did not represent 
undiagnosed myocardial dysfunction. 

PAFC placement remains a useful diagnostic and management 
tool ın a small number of shocked septic patients. 
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Impact of a standard insulin sliding scale on the 
efficacy of controlling blood glucose levels in the 
critically ill 
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We tested the hypothesis that a standard insulin sliding scale as a 
starting point for insulin therapy in the critically 111 would improve 
control of blood glucose levels as evidenced by decreased umes 
to achieve a blood glucose level (BGL) of less than 10 mmol 
litre“! from the commencement of intravenous insulin. The current 
practice guidelines dictate that BGL’s should initially be done 
hourly when abnormal and insulin therapy started 1f the BGL is 
greater than 10 mmol litre! for 3 h. We audited the efficacy of 
these guidelines over a 4-week period and repeated this process 
following introduction of a standard insulin sliding scale (Table 
34) as a starting point for insulin therapy. 

There were 15 patients who required insulin infusions in the 
first 4-week period. The mean time taken to initiate therapy 


Table 34 Standard insulin sliding scale *BGL should be done hourly until 
infusior rates are lower. Make sure if feeding 1s stopped infusion rates are 
adjusted accordingly 





Blood glucose level Actrapid infusion 
mmol Litre ia iy. h! 
0-59 0 

6-79 05 
8-99 1 
10-11.9 2 
12-13.9 4 
14-15.9 6* 
16-179 8* 
18-20 10* 

20 15* 





following the third abnormal BGL was 3.3 h and to achieve a 
BGL of <10 mmol litre! was 8.2 h, the mean tıme taken between 
the first and third abnormal BGL was 6.9 h. Following introduction 
of the standard sliding scale there were nine patients who required 
insulin infusions during the period of audit. The time taken to 
initiate therapy was reduced to 04 h (P = 0.09) while the time 
taken to achieve a BGL of <10 mmol litre"! was reduced to 6 h 
(P = 0.32). The time between the first and third BGL which 
provides a useful index of compliance with practice guidelines 
was reduced to 3 h (P = 0 23). 

The use of a standard sliding scale seems to facilitate more 
expedient control of blood glucose levels and its introduction 
creased compliance with established practice guidelines The 
small sample size does not achieve statistical significance. 


Keywords: metabolism, insulin 


In vitro validation of the Tonocap® and a 
modified Paratrend 7® sensor 
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Introduction: The assessment of splanchnic perfusion by 
measuring gastric luminal PCO, 1s a clinically useful technique. 
The Tonocap® (Datex-Ohmeda) has been validated for such use 
but only provides a reading every 10 min. The Paratrend 7® 
Sensor (Diametrics Medical Ltd) is a device used for continuous 
blood gas monitonng capable of responding to changes in PCO, 
within 15 s. Recently, sublingual measurement of Peco, has been 
described as a new method of assessing splanchnic perfusion! 
We modified the Paratrend 7® sensor by encasing it ın a plastic 
sleeve ın order to protect it as would be necessary for sublingual 
use, It was then compared with the Tonocap® by placing them 
both in a water bath. 

Methods: A vigorously stirred water bath of saline at a constant 
temperature of 37°C was bubbled with standard calibration gas 
muxtures of 5% and 10% CO, with predicted CO tensions being 
calculated from atmospheric pressure and corrected for water 
saturation of the bath A Trp? catheter (Tonometrics) connected 
to a Tonocap® was placed in the water bath alongside two 
Paratrend 7® sensors, one covered by a plastic sheath, the other 
unsheathed. The sheath consisted of the plastic tubing from a 
Butterfly®-19 (Venisystems-) which had a 2 cm eye cut at the end 
to allow more contact with the sensor but provided protection 
The Tonocap® was left to equilibrate in the water bath for 30 min. 
A total of 52 paired readings were taken at 10-min intervals 
Results: Table 35 shows the bias and precision of each 
measurement technique as a percentage of predicted values 
Conclusions. The results for the Tonocap® and Paratrend 7® 
(unsheathed) are similar to previously reported studies.? The 


sheathed Paratrend 7® was also shown to give ave accurate 
reading of Pco2 with a very small negative Jias\ a Exceltent 
precision Peo Te j 
7, ‘N. 
Keywords: equipment, analysers, carbon diĝxide Seth! 
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Table 35 Bias and precision of each measurement ee as a parcentagt” E 
se i 
of predicted values oe oF f 
Pat ar 
Paratrend Paritrenid® T 
Tonocap (unsheathed) (sheathed) 
CO, Bimas Precision Bias Precision Bias Precision 
5% -3.17% 21% -1 49% 05% -262% 044% 
10% -141% 18% -047% 084% ~184% 091% 
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Assessment of neuromuscular function in 
intensive care patients and volunteers 
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Neuromuscular abnormalities are well recognized in long-term 
critically ill patients.! While the study of involuntary skeletal 
muscle function has been extensive ın the field of nutrition 
assessment, attempts to apply these techniques ın the ICU setting 
have been plagued with technical difficulties. 

The contraction and relaxation characteristics of the adductor 
pollicis muscle of the thumb following transcutaneous ulnar nerve 
stimulation were studied in (34) volunteers and (17) patients 
admitted to the ICU. Patients were excluded if they were receiving 
neuromuscular blocking drugs or were known to be paralysed as 
a result of previous illness or current injury. 

The ratio of force generated by supramaximal stimulation at 10 
Hz to that at 30 Hz (F10/30), the maximal relaxation rate of the 
muscle following stimulation at 30 Hz (MRR30) and the duration 

-of stay m ICU (days) at the time of testing were measured. 
Statistical analysis of the differences between the ICU groups and 
the volunteers used the unpaired Student ¢ test or the Mann- 
Whitney U test where the data was non-normally distributed. 

From an attempted 31 measurements ın the ICU group 28 
acceptable traces were obtained (Table 36); lack of patient co- 
operation being the main impediment. Although the majority of 
volunteers and conscious ICU patients perceived nerve stimulation 
as uncomfortable, none described the sensation as unacceptable 
and no long-term morbidity was associated with the technique. A 
significantly higher mean F10/30 and a lower mean MRR30 were 
measured ın the ICU group compared with volunteers. Differences 
were greater when those patients tested after having spent more 
than 7 days on the ICU were analysed separately. 

Despite some limitations in the applicability of this technique 
for assessment of all ICU patients it has the potential to provide 
a non-invasive method of quantifying and monitoring the 
progression of neuromuscular dysfunction in this setting. 


Keywords: neuromuscular function; intensive care; complications, 
neuromuscular disorders 


Table 36 Neuromuscular function in ICU patients and normal volunteers 
Values are means (SEM). Asterisks signify significant difference from 
volunteers (*P<0 05, **P<0.01, ***P<0.001) 


F10/30 (%) MRR30 (% maximal 
force loss 10 ms) 
Volunteers (n = 34) 35.15 (1.53) 11 25 (0.36) 
ICU <7 days (n = 19) 42.42 (425) 8 44 (1 O7)** 
ICU >7 days (n = 9) 50.89 (6 46)* 7.23 (0 61)*** 


All ICU traces (n = 28) 45.14 (3.57)** 805 (075)*** 
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Pre-treatment with high density lipoprotein 
(HDL) attenuates the renal and hepatic 
dysfunction caused by endotoxin in rats 
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Introduction: High-density lipoprotein (HDL) binds to 
lipopolysaccharide! (LPS), has anti-inflammatory properties? and 
exerts beneficial effects in some, but not all, models of 
endotoxaemia.? Here we investigate the effects of HDL on the 
multiple organ ujury and dysfunction caused by endotoxin in 
the rat. 

Methods: Male Wistar rats (n = 33) were anaesthetized with 
sodium thiopental (120 mg kg? 1.p) and instrumented for the 
measurement of blood pressure. At 30 min after surgery, animals 
were pre-treated with HDL (80 mg kg™! i.v , n = 9) or with saline 
(4 ml kg™! av, n = 10) and 5 mun later they received E. col: LPS 
(6 mg kg? i.v) as a slow injection over 20 min. In addition, two 
groups of rats which had received vehicle rather than LPS (sham- 
operated ammals) were also pre-treated with either HDL (n = 4) 
or oe (n = 6). All rats received an infusion of saline (1.5 ml 
kg b5 

Results: Four out of 14 rats treated with saline and 0 out of 9 
rats treated with HDL died within 6 h of administration of LPS 
and were excluded from further analysis. Endotoxaemia caused a 
bi-phasic fall in blood pressure as well as liver and pancreatic 
injury (determined by serum levels of AST, ALT and lipase) and 
renal dysfunction (increase in serum levels of urea and creatinine). 
Pre-treatment of rats with HDL significantly attenuated the renal 
and hepatic injury (P<0.05; ANOVA followed by Dunnett’s test 
for multiple comparisons), but exacerbated the acute hypotension 
caused by LPS. In rats which had not received endotoxin, HDL 
had no effect on blood pressure or organ dysfunction. 
Conclusion: Pretreatment with HDL attenuates the renal and 
hepatic injury/dysfunction associated with severe endotoxin shock 
1n the rat. The mechanism of this beneficial effect of HDL warrants 
further investigation. 
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Fig 3 Change in CMAPs in a representative patient. 


Introduction: Critical illness polyneuropathy was first identified 
by Bolton and colleagues! and weakness due to neuropathic and/ 
or myopathic abnormalities is now recognized as a common 
complication of prolonged cnitical illness.? The presence of 
abnormally low compound motor action potentials (CMAPs) is 
considered an important diagnostic criterion. The onset and 
evolution of this condition following intensive care unit admission 
has not previously been systematically investigated. 

Methods: A prospective, sequential study of all patients thought 
likely to require intensive care for 7 days or more was performed 
over a 12-month period. Admission APACHE I score, daily organ 
failure score, presence of sepsis, ventilation mode and routine 
haematology and biochemistry results were recorded. A daily 
neurological examination and weekly neurophysiological studies 
were performed for the duration of the patients’ ICU stay. The 
neurophysiological studies included CMAPs, nerve conduction 
velocities, sensory. action potential amplitudes and 
electromyography. The Spearman correlation coefficient was used 
to analyse associations between the recorded physiological data 
and serial CMAPs. In our institution the lower limits of normal 
for ulnar and common peroneal nerve CMAPs are 2.5 and 2.8 
mV respectively. 

Results: Thirty-two patients were recruited to the study, of whom 
23 survived for 7 days or longer. One patient was withdrawn at a 
relative’s request and two patients continued to receive muscle 
relaxants until death. The median age was 61 yr (range 33-80) 
and median admission APACHE II score was 20 (9-33). A 
significant positive correlation was found between serum albumin 
and CMAPs (P<0.05). CMAPs of one patient are shown in Fig 
3. Thirteen patients had three or more sets of neurophysiological 
studies. CMAPs were found to be low or fell during episodes of 
sepsis, at a time when it was not possible to detect weakness 
clinically, and CMAPs recovered as sepsis subsided. Of the eight 
patients who survived, sıx had severe clinical weakness of MRC 
grade 3 or less. 

Conclusions: The onset of critical illness motor syndrome may 
precede by days or weeks clinically detectable weakness, seems 
to be associated with episodes of sepsis and can occur within days 
of the onset of sepsis. Recovery in CMAPs may be equally rapid 
as sepsis subsides. 
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Tracheostomy: the change in practice in a region 
over a decade 


M. K. Street, O. Boyd on behalf of South Thames Intensive Care 
Committees 


Table 37 Complications and technique of tracheostomy 





Ciaglia Portex Surgical Missing/combined 
Numbers 138 93 23 7 
Comphcatons 29% 38% 52% 





Royal Sussex County Hospital, Eastern Rd, Brighton, East Sussex 
BN2 SBE, UK 


Since the introduction of pecutaneous fracheostomy by Ciagla in 
1985 practice has inevitably changed.’ Two common minunally 
invasive techniques are in widespread usage. The Ciaglia method 
uses a wire guided dilational technique with increasing size plastic 
dilators to produce a tract for the insertion of the tracheostomy 
tube. The Portex technique which after location of the trachea 
with a needle and wire uses instrumental dilatation to assist the 
insertion of the tracheostomy tube. 

A prospective survey was conducted in the South Thames 
Region over a 6-month period from November 1997 to May 1998. 
Details of the type of technique, peri-insertion complications, 
seniority of the operator and supervisor together with the use of 
brochoscopic assisted placement were recorded. 

Twenty-two intensive care units, 62% of the total, contributed 
data on 261 ventilated patients undergoing tracheostomy (Table 
37). 

No mortality associated with the techniques was recorded and 
the incidence of severe complications was 3.4%. Over all the 
incidence of minor complications was 25%, the most common 
being bleeding. Estimated blood loss in excess of 25 ml was 
statistically higher in the surgical group when compared to the 
Ciaglia technique (P = 0.000015) or the Portex technique (P = 
0.019). The incidence of bleeding was also higher in the Portex 
group when compared to the Ciagla technique (P = 0.012). 

The incidence of all complications appeared to unrelated to 
demographic factors, grade of operator supervision or the use of 
bronchoscopic assisted placement. No attempt was made to assess 
long-term complications, which have been the subject of several 
other previous studies. 

The introduction of the new technique of pecutaneous 
tracheostomy seems to have gained wide spread adoption 
throughout the intensive care units of the south east of England. 
Despite the relative inexperience of those performing these 
procedures on long term ventilated patients the incident of clinically 
significant complications appears low. 
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The rate of organ donation is slowing in the UK, increasing 
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pressure on healthcare staff to speak with families about donation. 
Intensive care staff are not confident that they have the necessary 
communication skills. They fear they may increase families’ 
distress! and are not clear of the most helpful way to approach 
famulies.? The need for suitable traning has been recognized.? 

There is a need to investigate the potential donor families’ 
experiences to identify helpful practice when delivering bad news 
and requesting donation. Retrospective in-depth semi-structured 
interviews were carried out by a clinical psychologist with bereaved 
next-of-kin of potential organ donors (n = 29). Twenty Northwest 
Intensive Care Units were involved. Kin were sequentially 
identified and interviewed 6 months after their bereavement. 
The interview was organized in temporal order, from arrival to 
departure. Key questions focusing on satisfaction with care and 
communication were repeated. Next-of-kin recalled their 
experiences and reactions and rated their satisfaction (1 = very 
dissatisfied, 7 = very satisfied) with unit practices. Protocol one 
recorded the accounts, responses to prompts and spontaneous 
comments. Protocol two recorded the ratings of satisfaction with 
the questions. 

Whether consenting or refusing to donate, all kin found the 
request acceptable. Staff’s tension when making the request was 
evident to families. The majority of kin rated themselves satisfied 
with the meeting to discuss donation (mean 6.3, sD 1.3), and 
explanations given (mean 6.0, sD 14). There was a relationship 
between satisfaction and the request being made separately from 
the news of death (P<0.025), the request following brain-stem 
death tests (P<0.013), and the meeting having a clear structure 
(P<0.002). Distress at the request itself, was evoked when kan 
had not understood their relative had died. Kin who had understood 
considered the request was ‘business to be conducted’, ‘something 
positive in the middle of a tragedy’. 

The practices, which are generally considered helpful to families, 
were not uniformly represented across units. There was evidence 
of potential unhelpful practice. The results suggest that increased 
distress is not related to the donation per se, but to whether the 
families have accepted the fact of death. Study results support the 
recommendations for training for staff involved in breaking bad 
news and requesting donation. 


Keywords: intensive care, organ donation requests 
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Sterile bred rats for studies involving septic 
challenges have differing levels of endogenous 
immunity to endotoxin core 
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D. Brealey?, M Mythen!, C Hamulton-Davies! 
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Background: Low levels of natural endogenous antibody to 
endotoxin core (EndoCAb) have been related to poor outcome 
after surgery! * and sepsis.° Rats are often used in anımal models 
of sepsis, but baseline EndoCAb status, which varies greatly in 
humans, is rarely determined in these animals The aim of this 
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Fig 4 IgG EndcCAb levels in rats 


study was to determine if any significant differences existed 
between laboratory rats in baseline endotoxin mmmunity. 
Method: 35 sterile bred Wistar rats were anaesthetised with 
Isoflurane and blood 1 ml was removed by aseptic technique via 
cardiac puncture. This blood was then centrifuged at 2000 g for 
10 min and serum separated. The serum was diluted 1:200 and 
100 pl added to the ELISA wells which were pre-coated with a 
variety of core moieties of endotoxin. This was then incubated at 
37°C for 1 h, washed and 1:500 alkaline phosphatase anti-rat IgG 
100 pl added. After further incubation and washing, alkaline 
phosphatase substrate was added. This was left at room temperature 
until the colour developed to give a maximum optical density of 
approximately 2.0 at the top of the standard curve using an ELISA 
plate reader. 

Results: These are shown in Figure 4. 

Conclusions: This demonstrates that in anumal experiments where 
there is supposed uniformity m a sterile bred population there 
remain vast differences in their underlying immunity to endotoxin 
which may affect the response to a septic challenge. 
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Reduced fungal infection in critically ill patients 
randomized to a glutamine containing parenteral 
nutrition 


K Allen!, R. D. Griffiths? and C. Jones? 
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2 Intensive Care Research Group, Department of Medicine, University of 
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Candida infections are an important cause of nosocomial infection 
that increase with time in intensive care. This may be related to 
a progressive state of hypo-immunity. Glutamine (gln) is an 
important nutnent for the immune system and has been shown to 
enhance the helper T subset 1 (Th1) lymphocyte responses and 
cell-mediated ımmumıty.! We report the incidence of bacterial and 
fungal infection that occurred during a randomized treatment study 
of glutamine supplemented parenteral nutrition (PN) versus a 
matched contro] parenteral feed ın ventilated ICU patients unable 
to tolerate enteral feeding.” 

Prospectively throughout the study the microbiologists attending 
the ICU collected microbiological data on all cultures obtained 
from ICU patients and any treatment decisions in laboratory 
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Table 38 Infection in patients receiving parenteral nutrition for more than 5 
days, the effect of glutamme supplements 


Glutamine (n = 25) Control (n = 27) 


Age (median and quartile) 63 (44-71 5) 62 (50-72.5) 
Days TPN (median and quartile 10 (7-13) 9 (6-16 5) 
Died within 28 days of ICU 9 16 

Total infective events 40 50 

Candida infections (deaths) 4 (0) 9 (6) 


notebooks. Data on those patients who received at least 5 days of 
parenteral nutrition were later extracted and analysed blind to the 
randomisation by one of the authors (KA). The frequency of 
infective incidents, types of organisms and types of infections was 
related to feed type and outcome at 28 days of discharge from ICU. 

Fifty-two of the original 84 randomized patients received 
parenteral nutrition for more than 5 days. Sepsis was the most 
frequent diagnosis, with gastrointestinal disease accounting for 
12/25 gln-PN and 10/27 control-PN respectively. Nine of 25 gln- 
patients and 16/27 control-patients died in ICU or within 28 days 
of discharge from ICU. In the first 5 days of TPN there were 14 
gin vs 12 control infective events, compared with 23 gin vs 31 
control infective events during the period after 5 days TPN, or 
post TPN penod on ICU (3 gin vs 7 control). There was no 
difference in the total number of Gram-positive or Gram-negative 
organisms isolated. Only four patients in the glutamine group 
developed Candida infections and none died while nine control 
patients developed Candida infections and six died (P = 0.07, 
Fischer’s exact test) (Table 38) 

Any post hoc sub-group analysis must be interpreted with 
caution, especially with small numbers. However selecting a 
minimum of 5 days we believe is valid to show a nutritional 
effect. Immune dysfunction is a feature of a prolonged ICU stay 
and therefore any effect will only be shown ın such patients. 
These clinical observations with a reduction in incidence and 
death among the patients with Candida infections suggest that 
glutamine may exert profound immune benefits in long stay 
critically ill patients who are dependent on parenteral nutrition. 


Keywords: infection, fungal 
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Elimination of cytokines by the kidney: 
comparison between normal individuals and 
patients with severe sepsis or the systemic 
inflammatory response syndrome 
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Hospital, Blackshaw Road, London SW17, UK 


Cytokine elimination by the functioning kidney has received little 
attention. We have compared the filtration of pro- and anti- 
inflammatory cytokines between the normal kidney in healthy 
individuals and the functioning kidney in patients with severe 
sepsis or the systemic inflammatory response syndrome (SIRS). 
We studied 32 individuals. Group I included 15 asymptomatic 
healthy volunteers from within the intensive care unit staff (six 
male, nine female; mean age 33.7 + 6.4 yr, mean serum creatinine 
40.3 + 32.2 umol litre“!). All individuals had a serum creatinine 
below the upper limit of the normal reference range for our 


laboratory (105 mol litre!) and no proteinuria. Group II included 
17 patients with either severe sepsis or SIRS and normal or near 
normal kidney function (11 male, six female; mean age 56 + 15; 
mean serum creatinine 116 +52 pmol litre~!, mean plasma 
creatinine clearance 57 + 34 ml min`, median APACHE II 20, 
median SAPS 37, median SOFA 8). 

Group I individuals provided one sample of blood and urine. 
In group II patients eight matched blood and urine samples were 
taken at predefined intervals during a 24 h period on or close to 
admission. Blood was collected into lipopolysaccharide (LPS)- 
free tubes containing disodium ethylenediammmetetraacetic acid 
(EDTA). Urine was collected into sterile containers. After 
immediate centrifugation at 4°C at 4000 rpm the supernatants 
were stored at ~70°C. Soluble tumour necrosis factor receptors 
(sTNFR) I and I, interleukin-6 (IL-6), TNFa and IL-10 were 
assayed by specific enzyme-linked immunosorbent assays (ELISA) 
(R&D Systems, Abingdon, Oxon, UK). For each cytokine and 
each subject we determined the following parameters: urine and 
plasma cytokine concentrations (Us, P,), urine to plasma cytokine 
ratio (U/P,) and sieving coefficient (0), defined as the urine to 
plasma cytokine ratio divided by the urine to plasma creatinine 
ratio. Group I individuals had one value determined for each 
parameter. Group II patients had the eight values determined for 
each parameter averaged to give a representative value for that 
parameter. Within group medians of each parameter were compared 
by the Mann-Whitney U test for non-parametric data. A P value 
of less than 0.05 was taken to represent statistical significance. 

The urinary concentration of IL-6 in healthy volunteers was 
undetectable. The median sieving coefficients for group I were 
0.0055, 0.006, 0.004 and 0.006 for sSTNFRI, sTNFRIO, TNFa and 
IL-10, respectively. For group I these were 0.255, 0.135, 0.035 
and 0.053, respectively. In group II patients the median 9 for IL- 
6 was 0.015. Compared with healthy subjects patients with SIRS/ 
severe sepsis and functioning kidneys (group I) had a significantly 
higher urinary concentration, urine to plasma ratio and sieving 
coefficient (q) of sSTNFR I, sTNFRIL, TNFa and IL-10 (P<0.02). 

In SIRS or severe sepsis the functioning kidney eliminates more 
pro-inflammatory as well as anti-inflammatory cytokines than the 
normal kidney of healthy individuals. 
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ACE gene polymorphism is not associated with 
outcome in patients requiring admission to liver 
ITU with paracetamol-induced acute liver failure 


N. Jackson, P Donaldson and J. Wendon 


Institute of Liver Studies, Kings College Hospital, Denmark Hill, 
London SES 8RX, UK 


Introduction: Patients with paracetamol-induced acute liver failure 
have a clinical state resembling septic shock with progressive loss 
of vascular tone and endothelial dysfunction. Increased levels of 
NO in conjunction with pro-inflammatory cytokines are present 
in acute liver failure with a high incidence of multiorgan failure. 
The outcome, however, is unpredictable and 1s unrelated either to 
the quantity of paracetamol ingested or the severity of liver injury 
There is a functional insertion ()/deletion (D) variation in intron 
16 of the ACE gene resulting in three genotypes II, ID and DD. 
The D allele is associated both with higher tissue ACE activity 
and with blunting of endothelial-dependant vasodilatation in 
response to NO. We investigated whether the ACE gene 
polymorphism might be associated the ıncıdence and outcome of 
multiorgan failure in patients with paracetamol-induced acute 
liver failure 
Patients and methods. 118 patients with severe paracetamol- 
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Table 39 ACE gene polymorphisms and outcome ın acute liver failure 
patents ARF, acute renal failure, ARDS, acute respiratory distress syndrome 





Table 40 Procalcitonin and inflammatory markers in acute liver failure 
*Significant P<),05 








Patients (number) i DI DD 
All patients (118) 27% 50% 23% 
Survivors (65) 32% 41% 26% 
Non-survivors/transplanted (53) 21% 60% 19% 
ARDS (25) ; 16% 60% 20% 
ARF (71) 22% 55% 23% 
Required vasopressors (46) 20% 59% 20% 
CONTROLS (86) 28% 51% 21% 


induced hepatotoxicity requiring ITU were studied. ACE gene 
polymorphisms were determined by standard PCR based 
techniques. Haplotype frequency was compared with those of 86 
racially and geographically matched controls. 
Results: These are shown in Table 39. 

Genotype frequencies were compared using x” test with Yates 
correction. No significant association was found. 
Conclusion: In patients with paracetamol-induced acute liver 
failure there is no association between survival, ARDS, ARF or 
vasopressor requirement with ACE gene polymorphisms. 


Keywords: liver, failure 


Serial plasma procalcitonin levels in patients 
requiring admission to liver ITU with 
paracetamol induced acute liver failure 


N. Jackson!, S. Batouche?, R. Sherwood? and J. Wendon! 


I Institute of Liver Studies and *Department of Clinical Biochemistry, 
Kings College Hospital, Denmark Hill, London SES 8RX, UK 


Introduction: Patients with paracetamol-induced acute liver 
failure have a clinical state resembling septic shock. There is a 
high frequency of bacterial infection in these patients contributing 
to the development of multiorgan failure. In the normal liver, 
Kupffer cells play a major role in clearing bacteria from portal 
blood. The usual signs of sepsis cannot be used to differentiate 
between severe hepatic necrosis and bacterial infection. 
Procalcitonin (PCT) has been reported to be a selective 





Spearman rank Mann-Whitney test 


correlation 





PCT vs APACHE]! P = 0.0280* admission APACHE 11 vs P = 0.0192* 
survival 


PCT vs INR P = 0.2471 admission PCT vs survival P = 0.5116 
PCT vs AST P=0,9913 PCT vs +ve micro P = 0.8787 
PCT vs CRP P = 0 0942 

CRP vs APACHE 11 P = 0.1271 

CRP vs AST P = <0.001* 


inflammatory marker that nses in bacterial infection but not in non- 
infection related inflammation. Possible sources of PCT include 
monocytes and hepatocytes. We hypothesised that levels of PCT 
might assist in the differentiation of bacterial infection from toxic 
inflammatory insult. 

Method: Serial plasma PCT was measured daily, using a 
chemiluminescent immunoassay assay in 22 patients admitted 
with PIALF until either day 5 or discharge and levels compared 
with APACHE 11 scores, conventional inflammatory markers, 
liver function tests and microbiological cultures. 

Results: From a total of 22 patients 11 survived with medical 
support alone and 11 did not (seven died, four received liver 
transplants). A total of 35 blood, 15 urine, 16 sputum cultures 
were prepared: four endotracheal sputum cultures were positive. 
Eighty-one daily plasma samples were collected for PCT 
measurement (Table 40). 

Upon admission the following results were obtained: APACHE 
11 (4-34) median 19; PCT (1.7-72.1) median 10.6 ng mi}; INR 
(2~>15) median 3.6; AST (151~17080) median 8726 IU litre™!. 

PCT in non-infected patients was (0.9-123.8) median 9.4 ng 

mt, PET on day of positive culture was (2.3-72.2) median 42.9 
ng mi. 
Conclusion: In patients with paracetamol-induced acute liver 
failure PCT is significantly higher than in normal controls and 
correlates with daily APACHE II score independently of the 
severity of liver insult, however, admission PCT does not correlate 
with survival. PCT did not specifically rise ın those patients who 
developed chest infection and therefore does not appear to be a 
useful marker of bacterial infection in this group of patients. 


Keywords: liver, failure 
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Effect of omitting regular ACE inhibitor medica- 
tion before cardiac surgery on haemodynamic 
variables and vasoactive drug requirements 


Editor—Pigott and colleagues have addressed the important issue 
of the influence of ACE inhibitors on haemodynamic vanables 
and vasoactive drug requirements in patients undergoing coronary 
artery bypass grafting (CABG).! Their study is particularly timely 
because of the increasing trend towards total arterial revasculariz- 
ation for CABG with its superior clinical and survival benefits.? 
In these patients, the need for vasoconstrictor therapy may induce 
arterial graft spasm and subsequent myocardial hypoperfusion in 
the postoperative period. 

Consequently, it is my current practice to discontinue ACE 
inhibitor therapy 1 week before surgery in such patients, because of 
the real, albeit infrequent, occurrence of ‘catastrophic’ vasodilatory 
shock requiring vasoconstriction therapy. On the other hand, it 
seems that the major disadvantage of discontinuing ACE inhibitor 
medication before CABG, is an increased requirement for vasodila- 
tory medication to control blood pressure in the postoperative 
period. 

In Pigott and colleagues’ ngorous and well-conducted random- 
ized trial of 40 patients with good left ventricular function 
undergoing CABG, 20 patents had ACE inhibitor medication 
discontinued on the day before surgery and 20 patients were 
maintained on ACE inhibitor therapy until the day of surgery. 
Analysing differences in haemodynamic variables and vasoactive 
drug requirements in the two groups, the authors conclude, 
‘omitting ACE inhibitors before surgery did not have sufficient 
advantage to be recommended routinely’. 

In fact, the data presented in Tables 2 and 3 may suggest the 
opposite. Table 2 shows that patients who continued on ACE 
inhibitor medication required significantly more metaraminol dur- 
ing anaesthesia and in the early postoperative period. Table 3 
showed that 65% of patients who had continued with ACE 
inhibitor therapy until surgery required vasoconstrictor or inotropic 
therapy ın the postoperative period as compared to 35% of those 
who had omitted ACE therapy the day before surgery (Chi-squared 
test P<0.05). 

Two other important points in the study design merit considera- 
tion: (i) if the patients who discontinued ACE medication had 
done so even earlier, the differences between the groups might 
have been even more dramatic; (ii) only patients with good 
ventricular function were studied. The potential for ACE inhibitors 
to cause vasodilatory shock after cardiac surgery, particularly in 
patients with poor ventricular function, is well recognized.” 

Pigott and colleagues are to be congratulated on a timely and 
pertinent study. Their conclusions should, however, be interpreted 
cautiously in patients undergoing arterial revascularization and 
particularly so in the presence of impaired ventricular function. 
While there is clear evidence that ACE inhibitors can cause/ 
precipitate severe haemodynamic disturbances after CPB, I am 
unaware of any evidence showing a deleterious effect of their 
discontinuation for a week prior to CABG. 


D P. Taggart 
Oxford, UK 


l Pigott DW, Nagle C, Allman K, Westaby S, Evans RD Effect of 
omitting regular ACE inhibitor medication before cardiac surgery on 


haemodynamic variables and vasoactive drug requirements. Br { Anaesth 
1999; 83: 715-20 

2 Argenziano M, Chen JM, Choudri AF, et al. Management of vasodilatory 
shock after cardiac surgery: identification of predisposing factors and 
use of a novel pressor agent. | Thorac Cardiovasc Surg 1998, | 16: 973-80 


Editor—Thank you for the opportunity to reply to Mr Taggart’s 
letter in which he raises concerns regarding our conclusion that 
“ACE inhibitor therapy, in patients with good ventricular function, 
need not be routinely discontinued before cardiac surgery’.! He 
raises the issue in the context of patients with poor ventncular 
function and the increasing trend towards total arterial 
revascularization where exogenous vasoconstrictor may cause 
spasm of the conduit. We fully agree with him that our advice 
may not apply to patients with poor left ventricular function. Our 
study was only on patients with good or mildly impaired ventricular 
function. Therefore, we cautioned that the findings of our study 
may not have been representative of all patients on ACE 
inhibitor therapy. 

Unfortunately, we disagree with his analysis of our data. In our 
study of 40 patients, those who had continued ther ACE mbhubitor 
medication certainly needed more metaraminol during 
cardiopulmonary bypass (CPB) than those who had omitted their 
medication. However, in the immediate bypass period, three 
patients (15%) in the group who continued with an ACE inhibitor 
needed vasoconstrictors, compared to one patient (5%) in the 
omitted group. By the time they were in the recovery room the 
same number of patients m each group (15%) were needing 
vasoconstrictors. We therefore did not find a statistical difference 
1n the use of vasoconstrictors ın the post-bypass and early recovery 
period between the two groups. 

We share Mr Taggart’s concerns that exogenous vasoconstrictors 
may precipitate spasm in arterial grafts, and agree that they should 
be avoided if at all possible. We are less sure of the role of 
endogenous vasoconstrictors ın the genesis of conduit spasm. 
Cardiopulmonary bypass 1s a potent stimulator of angiotensin I 
production. In our study, the patients who omitted ther ACE 
inhibitor medication had significantly higher systemic vascular 
resistances in the postoperative period, in spite of large doses of 
vasodilators. It could be postulated that abrupt discontinuation of 
ACE inhibitors contributed to vasoconstriction ın the postoperative 
period, possibly with the potential to compromise a radial artery 
conduit. 

It could be that if patients had discontinued their medication 
earlier, the differences between the groups may have been bigger 
We understood that common clinical practice was to omit the 
ACE inhibitors the day before surgery, possibly as this 1s more 
likely to be a period where an anaesthetist has control over a 
patient’s medication. We, as yet, do not know the time course for 
vascular reactivity to return to normal after cessation of chronic 
ACE inhibitor therapy. 

Current anaesthetic practice is to continue with cardiovascular 
medication up to and including the day of surgery. Before deviating 
from this accepted norm there needs to be evidence that stopping 
ACE inhibitors is beneficial. It is of note that, in our study, 
omitting ACE inhibitors did not prevent three patients from 
needing vasoconstnictors in the postoperative recovery period. 
ACE inhibitors are now regarded as the cornerstone of treatment 
in left ventricular failure. They have consistently shown beneficial 
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effects on mortality, morbidity and quality of hfe in large scale 
prospective studies.2 They may also have beneficial effects in 
preserving regional perfusion and protecting against ischaemia 
during cardiac surgery.? Abrupt discontinuation of ACE inhibitors 
has been noted to give mse to an increase in ischaemia related 
events.4 We therefore did not feel that stopping ACE inhibitors 
was warranted before cardiac surgery in patients with moderate 
or good ventricular function. We do, however, recognize the 
association between poor ventricular function, ACE inhibitors and 
vasodilatory shock after CPB, and further studies are needed to 
assess the beneficial effects or otherwise of stopping ACE inhibitors 
in those patients with poor ventricular function. 


D. W. Pigott 
Oxford, UK 
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The causes of aspiration pneumonia in 
mechanically ventilated patients; a possible 
pathological link with upper airway bacterial 
colonization 


Editor—Allaouchiche and coworkers demonstrated that Gram 
stain of bronchoalveolar lavage (BAL) fluid was useful for rapid 
diagnosis of ventilator-associated pneumonia (VAP) ın patients 
undergoing mechanical ventilation. 

However, there 1s a lot of evidence to suggest that pharyngeal 
bactenal colonization, upper airway bacteria and microaspiration 
of gastric contents are also important in the development of 
aspiration pneumonia in mechanically ventilated patients. It has 
been reported that even a smaller size of nasogastric tube does 
not prevent or reduce gastroesophageal reflux (GER) or micro- 
aspiration in mechanically ventilated patients in the semirecumbent 
position.? A GER and subsequent microaspiration of gastric 
contents into the lower airways may increase the nsk of nosocomial 
pneumonia. The prevention and detection of pharyngeal 
colonization are very important in the care of intubated patients 
in critical care units. The passage of tubes through the nostrils 
into the stomach may increase the risk of developing aspiration 
pneumonia. It has been reported that the mean radioactive count 
of pharyngeal aspirates, but not tracheal aspirate, ıs greater than 
the baseline count in mechanically ventilated patients. That 1s why 
oral hygiene and airway care are important in preventing the 
occurrence of pneumonia in intubated patients.? In addition, a 
recent study suggested that the treatment of nosocomial sinusitis 
decreased the occurrence of nosocomial pneumonia in nasally 
intubated patients undergoing prolonged mechanical ventilation.* 
Another important factor implicated in the pathogenesis of 
aspiration pneumonia, is disturbed consciousness due to the use 
of sedatives.° © A possible pathological link between upper 
airway bacterial colonization and aspiration pneumonia should be 


considered in the diagnosis and/or treatment of ventilator- 
associated pneumonia. Taken together, the Gram stain of 
pharyngeal lavage and BAL fluid may be more useful ın diagnosing 
VAP than the stain of BAL alone. 


S Teramoto 
Japan 
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Editor—We appreciate Dr Teramoto’s remarks. To our knowledge, 
no studies exist on the reliability of the Gram stain of a pharyngeal 
sample for the diagnosis of ventilator-associated pneumonia (VAP). 
The purpose of our work was not to study the pathophysiology 
of VAP, but to assess the reliability of Gram stain for an early 
diagnosis. Recently, Cardenosa Cendrero showed that the mitsal 
site and route of colonization might not be the same for all 
microorganisms.! The site of colonization is not always the 
oropharynx and Bonten found in a study of 64 patients? that 
among 20 isolates obtained at bronchoscopy from 11 patients with 
VAP, 17 (85%) were identified by preceding or concomitant 
tracheal aspirate, 10 (50%) by oropharyngeal swab, and six (30%) 
by gastric aspirate. De Latorre? found that only 10 of the 21 
microorganisms isolated in VAP had previously colonized the 
pharynx or stomach. In other words, we are not convinced of the 
usefulness of oropharyngeal sampling. 


B. Allaouchiche 

D. Chassard 

Department of Anaesthesia and Critical Care 
Hôpital de l'Hôtel Dieu 

Lyon, France 
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Comparison of low dose epidural with combined 
spinal-epidural analgesia for labour 


Editor—We wish to congratulate Dresner and his colleagues on 
the completion of such a large study and complement them on 
managing to follow up almost 95% of their population.! In 1999, 
with increasingly early discharges, we managed to follow up a 
much less impressive 80% out of just over 1800 epidural recipients. 

Whilst the authors have demonstrated that there were no clear 
advantages for either technique, this is only true as long as one 
is not trying to establish analgesia in late labour with a low-dose 
mixture. The authors recognize this, in that they withdrew 28 
patients from the epidural group because an epidural was ‘clinically 
inappropriate’. If these patients had been given epidurals and 
they had achieved inadequate analgesia then the proportion of 
inadequate analgesia in the epidural group would have been 
6.6% and not the observed 1.2%. This result would have been 
significantly more than the 0.4% in the CSE group. 

When the CSE technique was first used in labour at Queen 
Charlotte’s Hospital in 1989,? ıt was designed specifically for 
rapid onset analgesia in women who needed it. The original 
mobile epidural technique used at that hospital? was very similar 
to the epidural technique used in Dresner’s study and did not use 
a CSE. It was because the original mobile epidural technique gave 
poor perineal analgesia if started in late labour, that the rapid 
onset CSE technique already in use at that hospital was adapted 
to improve the ‘mobile epidural’ .4 5 

The analgesic requirement of each mother will vary according 
to the stage of labour she has reached, and a rapid onset spinal 
component, as the authors admit, has a role in providing pain 
relief especially ın late labour. It is important to recognize this in 
any debate on which technique is more appropriate. 

At Kingston Hospital in 1999, we identified 42 women out of 
1839 epidural insertion (2.3%, 95% confidence interval 1.6-3%) 
who delivered before the epidural had taken effect. It could be 
argued that these women should have had a CSE. An additional 
60 women received a CSE in late labour to achieve rapid analgesia 
(3.3%). From these figures we believe that about 6% of women 
in labour at our institution would benefit from a rapid onset spinal 
technique. 


R G W. Stacey 

A. Poon 

Kingston Hospital 
Kingston upon Thames 
Surrey, UK 
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Editor—We are grateful for Drs Stacey and Poon’s interest 
and kind remarks about our paper. Whilst not challenging our 


conclusion that CSE has no advantage over epidural for routine 
analgesia in labour, they maintain that CSE has a clear role to 
play in providing rapid analgesia in advanced labour. However, 
their interpretation of our results to support this assertion 1s based 
on assumption rather than hard evidence. Secondly, a more recent 
study by Nickells and colleagues refutes the claim that CSE 
provides more rapid analgesia by showimg a non-significant 
advantage of only 2 min over the epidural route.’ It seems, 
therefore, that there is no clear evidence to support Stacey and 
Poon’s opinion. 

However, we happen to completely agree with them, which is 
why we still use CSE in 20% of our cases despite the apparent 
anti-CSE stance of our paper. Whilst Nickells and colleagues’ 
comparison of mean onset times seems to show little speed 
advantage with the spinal route, mean results fail to reveal that 
some women experience almost immediate analgesia with a spinal. 
This virtually never happens with an epidural. 

Secondly, Nickells and colleagues define onset times from the 
moment of drug administration. If time zero is taken from the 
moment the anaesthetist enters the patient’s room, and our two 
needle technique is used rather than the slower needle through 
needle approach, we have no doubt that a spinal produces quicker 
analgesia. With the difficulty of designing a blinded study to 
negate our obvious bias, it is doubtful 1f we, or Stacey and Poon, 
will ever be able to prove this point! 


M. Dresner 
J Freeman 
Leeds General Infirmary 
Leeds, UK 


1 Nickells JS, Vaughan DJA, Lillywhite NK, Loughnan B, Hasan M, 
Robinson PN Speed of onset of regional analgesia In labour: a 
comparison of the epidural and spinal routes. Anaesthesia 2000; 55: 
{7-20 


Alternatives to succinylcholine at Caesarean section 


Editor—We read with interest the paper by Abouleish and col- 
leagues! which adds to the debate amongst obstetric anaesthetists 
on the choice of neuromuscular blocking drugs during Caesarean 
section.” It ıs clear that there are a number of conditions in which 
the use of succinylcholine is contraindicated. It ıs not, however, 
clear what the best alternative airway strategy should be 
Rapacuronum achieves comparable intubating conditions at 60 s 
to succinylcholine, but this useful onset tume is at the expense of 
a prolonged recovery from neuromuscular blockade. Although the 
authors raise the possibility of shortening recovery time by 
neostigmine admunistration, this is unconfirmed. In our opinion 
rapacuronium, because it lacks the important safety features of a 
quick recovery, is not the best alternative to succinylcholine in 
this setting. In our institution, when dealing with Caesarean sections 
under general anaesthetic in women for whom succinylcholine 
is contraindicated, a propofol and alfentanil technique is 
used. Intubation without a neuromuscular blocking drug has 
been validated in a number of studies in the non-obstetric 
population?’ and we have found it successful in this small group 
of patients. Intubating times and conditions are comparable to 
succinylcholine and this method scores over rapacuronium by 
having the option of reversing opiate induced apnoea with naloxone 
should airway problems be encountered. Abouleish and colleagues 
have demonstrated that rapacuronlum may be the best non- 
depolarizing agent to use but we suggest that it might not be the 
best alternative to succinylcholine for the potentially hazardous 
intubation of a pregnant woman at term. 
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S.J Young 

A. Kilpatrick 

Department of Anaesthetics 
Glasgow Royal Maternity Hospital 
Glasgow, UK 
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oF 
Editor—Thank you for referring to me the comments of Drs 
Young and Kilpatrick. Their approach to intubation seems to be 
a good alternative to succinylcholine. It would be interesting if 
they could publish a large series in a randomized fashion comparing 
this technique, namely propofol and alfentanil, with thiopental 
and succinylcholine in Caesarean section. I hope in their report, 
the intubating conditions as well as the maternal and neonatal 
effects would be considered. A physician blinded to the used 
induction agents should perform the evaluation. 


E Abouleish 

Department of Anesthesiology 
UT-Houston Medicai School 
Houston 

Texas, USA 


Anaphylaxis to rocuronium 


Editor—A 77-year-old woman presented for cataract surgery under 
general anaesthesia. She had a medical history of stable angina 
and asthma (not requiring hospital admission), a hiatus hernia and 
occasional blackouts Her medications consisted of diltiazem 
and aspirin tablets, glyceryl trinitrate spray and salbutamol and 
beclomethsone diproprionate inhalers. She had undergone previous 
uneventful general anaesthetics including one for cholecystectomy 
in 1990 during which she received thiopental, atracurium and 
fentanyl. She thought she might be allergic to penicillin. 
Induction of anaesthesia was performed with alfentanil 1 mg, 
thiopental 250 mg and rocuronium 35 mg. She immediately 
developed hypotension which did not respond to ephedrine 6 mg 
iv. followed rapidly by bronchospasm and tachycardia, and 
culminating in an electromechanical dissociation cardiac arrest. A 
further dose of ephedrine was rapidly administered (a total of 
24 mg) while epinephrine was being prepared and cardiopulmonary 
resuscitation was instituted. A blanching rash was noted on the 
chest wall. The cardiac output was restored after about 5 min and 
immediately following a third bolus of i.v. epinephrine 1 mg. 
Haemaccel 1 litre, hydrocortisone 200 mg and chlorphemramine 


10 mg were also administered. She was admitted to the intensive 
care unit where she received cisatracunum 20 mg to facilitate 
central venous cannulation and replacement of the tracheal tube 
by one with a low pressure, high volume cuff. There were no 
documented ill-effects. Her trachea was extubated 3 h later. She 
complained initally of chest pain which was thought to be 
musculoskeletal in origin and, despite developing a-chest infection, 
made a full recovery. 

The total IgE on the day of the reaction was 62.1 kU litre! 
(80% of normal people have levels of less than 100 kU litreé}). 
Specific IgE antibodies for latex and succinylcholine were negative. 
The MAST cell tryptase levels at 30 min, 5 h and the morning 
following the incident were 118 ng ml“, 101 ng ml! and 
13.4 ng mF! respectively (normal range 2-14 ng ml~'). Duplicate 
skin tests 11 weeks later were negative for latex, vecuronium, 
atracurium, thiopental, alfentanil and fentanyl, but marked 
reactions to rocuronium were noted. 

The results were discussed with the consultant allergist who 
investigated the patient. -Although the total IgE was not elevated, to 
exclude an allergic cause the level should be less than 7.5 kU litre™!. 

The patient had not recerved rocuronium previous but cross- 
reactivity between neuromuscular blocking drugs is not 
uncommon.! However, skin tests for atracurium and vecuronium 
were negative. These results suggest that the patient had either an 
anaphylactic or anaphylactoid reaction to rocuronium. Increased 
mast cell tryptase concentrations are suggestive of an immune 
cause but may reflect direct histamine release.* Other tests 
including ECG, 24-h ECG, echocardiography, lung function tests 
and chest radiograph showed occasional ventricular and 
supraventricular ectopics on the 24-h ECG, cardiac enlargement 
and mild aortic and mitral regurgitation but no evidence of a 
myocardial infarction. 

The patient was re-listed to have the surgery under local 
anaesthesia. This case supports the recommendation by Neal and 
co-workers thet the frequency of reaction to rocuronitum needs to 
be monitored.? 


T. Donnelly 

Department of Anaesthesia 

Royal Liverpool University Hospital 
Liverpool, UK 


| Fisher MM, Merefield D, Baldo B. Failure to prevent an anaphylactic 
reaction to a second neuromuscular blocking drug during anaesthesia. 
Br J Anaesth 1999; 82: 770-3 
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3 Neal S McD. Manthn PR, Gadiyar V, Wildsmith JAW. Histaminoid 
reactions associated with rocuronium. Br J Anaesth 2000, 84: 108~11 


Asystole with propofol and remifentanil 


Editor—We wish to describe a case of asystole in an adult during 
a TIVA-TCI induction with remifentanil and propofol. A 52-yr- 
old obese woman was admitted to hospital for elective cervical 
spine surgery. Her past medical history was unremarkable; she 
had no associated diseases, no previous surgery or anaesthetic 
exposure. Preoperative ECG was normal showing a sinus rhythm 
of 72 beat minl. No premedication was given and before 
anaesthesia the heart rate (HR) and arterial pressure were 
80 beat min™ and 120/70 mm Hg respectively. Following atropine 
0.2 mg and O, 100% via a facemask for approximately 4 min, 
remifentanil was started at 0.25 ug kg min`, Five minutes later, 
remifentanil was increased to 0.5 ug kg“! min? and a propofol 
TCI with a target plasma concentration of 2.0 pug mi~! was started. 
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Loss of consciousness occurred within 130 s when the calculated 
propofol concentration was 1.2 pg ml! and the total dose 
administered was 0.36 mg kg™!. Rocuronmm 50 mg was given 
Arterial pressure and HR during induction fell to 100/60 mm Hg 
and 55 beat min7! and atropine 0.2 mg was administered. Two 
minutes later, with a propofol concentration of 1.96 ug ml“! (total 
dose 0.75 mg kg), laryngoscopy was started, but before the 
patient was intubated, the HR rapidly decreased to 32 beat min“, 
and, shcrtly thereafter, asystole occurred. A precordial thump and 
atropine 0.6 mg restored the sinus rhythm to 50 beat min and 
the arterial pressure to 90/90 mm Hg. The patient was manually 
ventilated and the Spo, rose to 99-100% and the HR to 70 beat 
min”, After 1-2 min, a second laryngoscopy was attempted, and 
another episode of asystole occurred that again responded to a 
precord:al thump and atropine 1 mg. All drug infusions were 
therefore stop and after another 2 min, with a heart rate of 
80 beat min™ and artenal pressure at 110/60 mm Hg, a third 
attempt at laryngoscopy and intubation was successful The 
remainder of the case, including the postoperative course, was 
uneventful. 

The TIVA-TCI technique with remifentanil and propofol has 
been described as an effective anaesthetic regimen, allowing rapid 
control of intraoperative stresses in a variety of surgical procedures, 
including attenuation of haemodynamic responses to tracheal 
intubation.! However, during propofol anaesthesia, a low heart 
rate may occur despite a decreased arterial pressure.” ? Reports of 
profound bradycardia and asystole with the use of propofol in 
healthy adult patients, despite prophylactic anticholinergics, have 
been published repeatedly, and independently of its use in bolus 
or infrsion.* There is also copious evidence of the potential 
of remifentanil to cause hypotension, severe bradycardia and 
asystole,>-’ possibly through a centrally mediated decrease in 
sympathetic tone and vagally-induced bradycardia.® 

Since both episodes of asystole occurred dunng laryngoscopy 
and there was a rapid return to sinus rhythm following a precordial 
thump. a ‘reflex’ mechanism was possibly the main cause of 
bradycardia and sinus arrest in this patient However, this case 
highhghts the fact that the combination of remifentanil and propofol 
might result in an increased susceptibility to the development of 
severe bradycardia and asystole during laryngoscopy and 
mitubation, even ın healthy patients. 


F R. Altermatt 

H. R. Muñoz 

Departnent of Anaesthesia 
Catholic University of Chile 
Santiago, Chile 
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Unintended anaesthesia with 


ropivacaine 


total spinal 


Editor—Total spinal anaesthesia (TSA) 1s produced by excessive 
doses of local anaesthetic and/or erroneous positioning of the 
patient. The local anaesthetic spreads and blocks the upper part 
of the spinal cord and the medulla. Such a case 1s reported 
following admmistration of ropivacaine. 

A 68-yr-old man, 74 kg, 171 cm tall, ASA I, receiving 
amlodipine and propranolol (for arterial hypertension), acarbose 
(for diabetes mellitus type ID, simvastatin (for hyper- 
cholesterolaemua) and alprazolam (for anxiety and depression) 
was scheduled for anterior resection of rectum. A combined 
epidural/light general anaesthesia was planned. 

After arterial pressure monitoring, electrocardiogiaphy (ECG), 
Spo, and peripheral venous access had been established, the patient 
was positioned in left lateral decubitus. After skin disinfection 
and infiltration with 2% lidocaine, the epidural space was located 
with a 17 G Tuohy needle by the loss of resistance to air technique 
and an epidural catheter was inserted at the L.-L; level 

After repeated aspiration through the Tuohy needle and epidural 
catheter, when no blood or CSF was obtained, 1% ropivacaine 
20 ml was injected over 4 min (no test dose was given). 
Immediately after finishing the injection, the patient noted loss of 
strength ın the mght leg In the next 30 s, there was loss of strength 
in the mght arm followed by asystole, respiratory arrest and loss 
of consciousness. Escape beats were observed on the ECG Sinus 
rhythm returned after mask ventilation with oxygen 100%, atropine 
1 mg and ephedrine 50 mg. The patient opened his eyes, but as 
he was apnoeic and paralysed, propofol 1.5 mg kg™! and alfentanil 
30 yg kg! was given, the trachea was intubated and mechanical 
ventilation was initiated with air/Oz (Fio, 0.4) Anaesthesia was 
maintained with a propofol infusion at 6 mg kg"! hl. 

Suspecting a TSA, repeat aspiration through the catheter yielded 
a clear fluid, that was sent to the laboratory and confirmed to be 
CSF as it contained glucose 50 mg% and protein 42 mg% 

After 15 min the patient was stabilized cardiovascularly and it 
was decided to carry on with surgery During the 2 h 25 min of 
the procedure no more analgesic or muscle relaxant was 1equired 
Throughout the operation, cardiovascular stability was maintained 
with small doses of ephedrine, totaling 60 mg. At the end 
of surgery, the patient recovered consciousness, obeyed simple 
commands and maintained spontaneous ventilation with a normal 
Spo, and tidal volume He was extubated before being taken to 
the post Anaesthetic Care Unit (PACU). 

In the PACU arm motility was normal, but in the left leg there 
was a modified Bromage score of O and hypoaesthesia. In the 
right leg Bromage score of 3 and analgesia was noted There was 
hypoaesthesia of the abdomen. Over the following 8 h, the patient 
fully recovered from his sensory and motor deficits. After 30 h, 
the patient left the PACU without any adverse effect. On the fifth 
postoperative day, neurological examination was normal. 

In this report, the catheter, not the needle, entered the 
subarachnoid space. Nevertheless, repeated aspiration did not 
obtain CSF or blood, so it can be postulated that a valvular 
mechanism was involved, allowing passage of the injected local 
anaesthetic, but no aspiration of CSF This mechanism explains 
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the high incidence of false negative aspiration tests. No test dose 
was given, but there were no signs of intravascular injection of 
local anaesthetic. It is probable that with 1% ropivacaine the 
passage of 1-2 ml of local anaesthetic into the CSF should have 
show signs of spinal anaesthesia. 

In TSA, profound hypotension, severe bradycardia and cardiac 
arrest are frequent and secondary to the total sympathetic block; 
respiratory arrest is the result of respiratory muscle paralysis and 
local anaesthetic action on the respiratory centre of the medulla. 
Patients without cardiorespiratory pathology will tolerate the 
massive block if treated promptly. In this case although there was 
a cardiac arrest, the cardiac rhythm recovered spontaneously, first 
as an escape rhythm and then as sinus rhythm. Arterial blood 
pressure also recovered rapidly with ephedrine. 

At the end of the procedure, 3 h after injection of the local 
anaesthetic, the block had receded sufficiently to allow tracheal 
extubation and maintenance of spontaneous ventilation. After a 
further 8 h, there were no clinical signs of residual block No 
neurological deficit could be detected 5 days later, nor transient 
neurological symptoms as have been repeated with other local 
anaesthetics such as lidocaine or mepivacaine;' nor symptoms 
derived from ischaemia of the spinal cord, due to any 
vasoconstrictor effect of ropivacaine.” 

Spinal anaesthesia with ropivacaine is not recommended by the 
manufacturers because of a lack of any investigations of its use 
in this purpose As other local anaesthetic drug administered 
specially have shown side-effects, such as transient radicular 
irritation, it is appropriate to be cautious about introducing a new 
drug for this indication. In experimental animals ropivacaine 
has been considered useful for spinal anaesthesia.’ In humans, 
ropivacaine 15 mg or 22.5 mg? ^, or 2~4 mg with sufentanil 
10 utg,° showed no adverse effects. But administration in hyperbaric 
solution with 5% glucose of ropivacaine 4, 8 or 12 mg was 
followed by a higher incidence of back pain than bupivacaine.” 


J L. Esteban 

A Gémez 

F Gonzalez-Miranda 

Departmento de Anestesiologia y Reanimactdén 
Hospital Unwersttario de Canarias 

Tenerife 
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Protecting anaesthetic tubing from occlusion 


Editor—We are sure all anaesthetists become frustrated with the 
limited mobility of modern anaesthetic machines, particularly 











Fig 1 Pipe section in place around rear wheel of the anaesthetic machine 


when the wheels become ‘chocked’ by the profusion of pipelines, 
electrical cables and scavenging tubing. Indeed, Dr Carvalho 
described a case of back-pressure being inadvertently applied to 
a breathing system following manoeuvring of an anaesthetic 
machine. ! 

To prevent this problem both cheaply and efficiently, we suggest 
the following method, which is similar to that used at the Hospital 
for Sick Children, Toronto. 

1. Take a section of 6 5 inch plastic soil pipe, and cut ıt into 5.5 
inch lengths. 

2. Split down the longitudinal axis, allowing the cut edges 
to overlap. 

3. Place around the rear wheels of the anaesthetic machine (Fig. 1). 

4, Manoeuvre at will. 

The pipe sections may be removed for cleaning or when the 
anaesthetic machine is to be moved over longer distances. Our 
recommended measurements are for the Ohmeda machine chassis, 
but may be adapted for other machines. We have adapted all our 
anaesthetic machines in this way, to universal acceptance. 


R Dell 

D Cochrane 

Directorate of Anaesthesia 

North Bristol Hospual Trust (Frenchay) 
Bristol, UK 


1 Carvalho B. Hidden hazards of scavenging. Br J Anaesth 1999; 83: 532-3 
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Book Reviews 








The Effective Management of Postoperative Nausea and Vomiting. 
L. Strunn, D. Rowbotham and A. Miles (editors). Published by 
Aesculapius Medical Press, London. Price £18.50. 


This monograph is one in a series entitled UK Key Advances in 
Clinical Practice Series. The aim of this clinical practice project 
is to ‘catalogue all available scientific evidence and expert opinion 
for the investigation and management of a wide variety of common 
disease presentations’. The ultimate goal is to provide clinical 
practice guidelines for the management of common problems. The 
series has discussed the effective management of breast, colorectal 
and ovarian cancers, cancer pain and headache in its previous 
monographs. It 1s heartening to note that the Royal College of 
Anaesthetists decided to focus on postoperative nausea and 
vomiting (PONV) as an unsolved problem. The remarkable safety 
record of anaesthesia is well established in the last decade It is 
therefore most appropriate to concentrate on improving patient 
experiences in what were once considered unavoidable side effects 
of surgery—postoperative pain and sickness. 

The book has been written by British authors and provides a 
comprehensive review of the subject from their perspective. As 
with any multi-authored monograph, there is some variability in 
the style and quality of writing, along with some repetition, which 
has been kept to a minimum. The monograph 1s divided into three 
sections. In the first section, the epidemiological aspects of the 
problem are discussed, along with the physiology of the emetic 
reflex. The chapter on the physiology and mechanisms of PONV 
18 first rate. Dr Andrews brings to our attention the fact that nausea 
and vomiting are not synonymous, and that nausea may result 
from a lower level of activation of the emetic pathway, but does 
require activity from centres higher than the area postrema. An 
understanding of the mechanism of PONV is essential for its 
proper management, and the role of gastro-intestinal blood and 
distension in the aetiology of PONV 1s discussed. In this chapter, 
the pharmacological basis for the action of various antiemetic 
drugs is introduced, emphasizing that no one drug to date will be 
effective in all situations. Dr Andrews also brings to our attention 
a new group of drugs—the NK1 antagonists. In animal studies, 
these drugs reduce emetic symptoms originating from the area 
postrema, vagal efferents and the vestibular system. The ability 
to block emesis from three major pathways is exciting, and this 
group of drugs may prove to be very useful in managing PONV. 

The second section provides evidence for pharmacological and 
non-pharmacological management of PONV. The authors have 
attempted to put together in one place the many studies avatlable 
in the literature on this topic. Unfortunately, the older drugs have 
significant side-effect profiles and evidence for their efficacy is 
incomplete or based on poorly designed investigations with a 
lower power to detect differences in the groups studied. An 
introductory section regarding study design may help future 
investigators provide the data that are missing ın the currently 
available literature. The authors have also introduced the concept 
behind the numbers-need-to-treat approach that has been 
popularized by Tramer. The chapters on pharmacology of PONV 
appears somewhat dated and the reference list incomplete. It may 
benefit from inclusion of studies done outside the UK. 

The second section also discusses non-pharmacological ap- 
proaches to the management of PONV with an emphasis on 
acupuncture, acupressure and acustimulation. These methods are 
effective but perhaps as adjuncts to other methods. The use of the 
numbers-need-to-treat approach will put the benefits obtained by 
this method into perspective for the clinician. The second section 


also contains a chapter by Professor Rowbotham where he 
discusses what to do when prophylactic antiemetic therapy has 
failed. It takes a very common sense, systematic approach to the 
problems of failure of PONV prophylaxis ın an individual patient, 
and to the problem of a high incidence of PONV detected by an 
audit. The experience of the author and a well thought out plan 
is evident. It provides a good link to the next section of the book. 

The third section emphasizes the need for a multidisciplinary 
approach to the management of PONV along the lines used for 
the management of pain. The first step 1s to know what is 
happening in your own institution, and the questionnaire used by 
Vickers can be used in all institutions. An algorithm and practice 
guideline is provided in the Appendix This section also discusses 
the need for further education and research strategies. 

Overall, the authors have provided a good basis for the 
management of PONV. Since the Clinical Practice Series project 
recurs on an annual basis we can look forward to a more updated 
version. A more detailed discussion of the pros and cons of 
prophylactic management of PONV versus a strategy of treating 
only those with established symptoms is necessary, along with a 
formal review of data on the cost-effectiveness and patient 
satisfaction with these strategies. Ultimately, no practice guideline 
can cover all situations and an individualization of management 
based on a given patient’s msk is essential. It will take time to 
establish a consensus on the best practices in managing PONV. 
The authors of this book should be congratulated on starting this 
process of examining the evidence. The low cost of the book 
(£18.50) is attractive for libraries and individual practitioners 


M. Watcha 


Anaesthesia and Intensive Care A to Z An Encyclopaedia of 
Principles and Practice, 2nd Edn. N Hirsch, S Yentis and G. B. 
Smith. Published by Butterworth—-Heinemann, Oxford. Pp. 560; 
illustrated. Price £45 00. ISBN 0 7506 3249 6. 


This is the second edition of a hugely successful reference book, 
first published in 1993, and subsequently reprinted three tumes. It 
is literally an encyclopaedia, containing bite-sized summaries of 
a huge range of anaesthetic and intensive care subjects, covering 
all aspects of the FRCA syllabus. The authors have collected and 
distilled information on thousands of topics, including the history 
of anaesthesia as well as more mainstream subjects. Each topic 1s 
precisely and concisely described, and the text is liberally 
interspersed with excellent tables and line diagrams. This is well 
demonstrated by the diagram of the brachial plexus which allows 
even the most ‘3D disadvantaged’ anaesthetist to navigate the 
cords logically. The cross referencing, crucial in a book such as 
this, is clear and logical. 

The text assumes a basic understanding of the subject matter, 
and so is not suitable for the novice trainee. However, for the 
more senior trainee it is an ideal reference book, and for trainees 
taking examinations it 1s second to none. With virtually all the 
topics pertinent to the FRCA im one book, locating the answer to 
that difficult MCQ question, or finding the exact formula for the 
oxygenation index, becomes very easy. The major topics all have 
references to reviews for in-depth study if needed. This book 1s 
an ideal antidote to the pre-examination panic caused by piles of 
detailed texts littering your desk. 

In this second edition, the authors have specifically increased 
the number of intensive care topics to cover the syllabus of the 
Intercollegiate Diploma of Intensive Care Medicine, which was 
developed after the first edition was published The scope of the 


© The Board of Management and Trustees of the British Journal of Anaesthesia 2000 


Book Reviews 


book has also been widened to include topics relevant to intensive 
care nurses, operating department practitioners and all health care 
workers allied to anaesthesia and intensive care. As a result, the 
book has gained another 100 valuable pages since the first edition. 

We would recommend this book as an ideal reference text for 
the trainee undertaking the FRCA exammation and as a 
wonderfully quick reference and aide-memoir for the more senior 
practitioner. It should be in every anaesthetic department’s library. 
This is a book you would like to be easily available to you during 
your working day, but sadly it 1s too big to be ‘briefcase friendly’. 
When 1s the electronic version going to be available for our Psions? 


K. MacLachlan 
J. D. Young 


Procedures and Techniques in Intensive Care Medicine, 2nd Edn. 
R. S. Irwin, J. M. Rippe, F B Cerra, F. J. Curley and S. O. Heard. 
Published by Lippincott Williams and Wilkins, Philadelphia. Pp. 
307; indexed; illustrated. Price $US59.95. ISBN 07817 20478. 


However effective our training programmes are, good books 
covenng practical procedures are popular. Standard textbooks tend 
not to dwell on practical matters and ‘how to do’ things. This 
book was originally a section of an established textbook of 
intensive care medicine first published in 1985. It is published 
separately to make it easier to carry and more accessible to nurses, 
trainees and specialists from all disciplines of emergency medicine. 
Now in its second edition, the editors have given attention to 
modernizing the content 

Procedures and Techniques in Intensive Care Medicine is a 
comprehensive review with each of the 307 pages containing 
closely typed text occasionally mterspersed with line drawings 
and illustrations The 31 chapters are a collection of mini works 
by the 45 contributors; some are remarkably detailed. The back 
cover of the book says ‘Carry this handy resource with you 
for easy-to-follow, step-by-step instructions for every important 
diagnostic and therapeutic procedure used in adult critical care’. 
It would be reasonable to assume from this description, and the 
title, that the book concentrates on practical aspects of intensive 
care procedures but the reader may be surprised by the wealth of 
additional information covering the theoretical basis of 
measurement. For example, the chapter on intra-aortic balloon 
pumping discusses in detail the different timing methods that can 
be used, and the chapter on indirect calorimetry has a large section 
on the theoretical basis of the technique. Reducing some of this 
extra material would allow the book to be changed in size to one 
more convenient for use in the clinical area. 

Valuable information exists for readers who wish to refer to a 
section of special interest but the book is variable and there is not 
really a constant style. Some chapters concentrate more on theory 
than others and lack of editorial control means there is a lot of 
repetition. For mstance it would be useful to have detailed sections 
discussing consent in intensive care and the importance of sterile 
technique rather than allowing many of the authors to mention 
these issues in a superficial manner. 

The hard work of the authors updating the text is obvious but 
in many cases this appears to have been done by adding a section 
rather than by a rewrite. The chapter on tracheostomy states 
‘Although tracheotomy 18s best performed in the operating room, 
bedside tracheotomy can be performed safely under certain 
conditions’ Almost as an afterthought later in the chapter, after a 
discussion of the role of metal tracheostomy tubes, comes a section 
on ‘Percutaneous Airway Technique’. Here the importance, safety 
and value of the percutaneous techniques are discussed. However, 
it would have been appropriate to allocate more space to describing 
how to perform percutaneous tracheostomy, the complications and 
the ways in which the rısk of complications could be reduced. 
The author seems to deliberately interchange descmptions of 


tracheostomy and cricothyrotomy (which he says has found 
particular favour in Great Britain). The reader ıs told that ‘In 
experienced hands some percutaneous techniques frequently can 
be performed in only 30 s and usually in less than 2 mun.’ 

Many of the techniques described will not be performed by the 
average intensive care doctor but are of great interest, such as 
interventional radiology, extracorporeal oxygenation and cardiac 
assist devices. But some topics are not relevant such as the chapter 
on joint aspiration which should be left ın the hands of an expert. 

Whatever your view about the current role of the pulmonary 
artery catheter, over the last 30 years it has guided a major change 
in the way in which intensive care is practised. There is great 
opportunity ın a book of this type to briefly comment upon the 
current status of the pulmonary artery catheter and why it could 
improve or worsen outcome Practical detail about the use of this 
tool is missing. I doubt whether the trainee who is unsure how to 
miterpret a wedged trace, in a patient breathing spontaneously with 
the occasional ventilator delivered mandatory breath, will be able 
to find the answer here. Sometimes the authors quote published 
work but fail to provide the interpretation that should be expected 
im a text aimed at trainees. The section on ‘Anesthesia for 
Bedside Procedures’ recommends etomidate for use in critically 
ill hypovolaemic patients. One table describes it as having no 
cardiovascular effects. This sort of information needs considerable 
qualification before it 1s translated into patient care. Sumuarly, 
remifentanil is also discussed with insufficient clinical detail. 

There are differences in the way m which health care is provided 
on each side of the Atlantic Ocean and the terminology used. In 
the section on ECG it says ‘Continuous ECG monitoring is 
performed routinely ın almost all ICUs in the United States.’ 
Many of the procedures described discuss dealing with problems 
seen in conscious, unventilated patients. This may be interesting 
but relates to patients with single system failure rather than the 
average UK intensive care patient. 

I would advise this book be used as a reference text, many of 
the sections being informative and of value to the experienced 
reader I would not feel happy recommending it to my trainees as 
a practical clinical guide. 


A. T Cohen 


Principles and Practice of Obstetric Anaesthesia and Analgesia. 
A. Holdcroft and T. A. Thomas. Published by Blackwell Science, 
Oxford. Pp. 384; indexed; illustrated. ISBN 08654 828X. 


The classic British textbooks of obstetric anaesthesia are now out 
of date and this one is timely as a new contender to the marker. 
The layout is traditional though there is a generous use of tables 
and bullet points within the prose. I had a little difficulty in 
deciding whether the book was for anaesthetists in traming or 
consultants. The chapters on physiology are detailed and at a level 
that may overwhelm the SHO, whereas the chapters on regional 
analgesia and anaesthesia, and general anaesthesia are at a more 
basic level. 

Section one of the book covers the organization of obstetric 
anaesthetic services and the chapter on maternal mortality is 
excellent. The second section covers systemic physiology and 
pathology comprehensively in each of the systems. This section 1s 
excellent, well researched and leads into the practical management 
problems that may be encountered with a pregnant woman 
suffering from a disease process. It is refreshing to see a chapter 
on the puerperium, an area that is often forgotten despite our 
enthusiasm as obstetric anaesthetists to audit long term outcomes 
of epidural analgesia and anaesthesia. However, it is disappointing 
that there is no menton of post-traumatic stress which may 
develop in women where the outcome of labour was poor, the 
pain relief or anaesthesia was poor, or the delivery itself was 
traumatic. 
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The third and fourth sections of the book cover the practise of 
regional analgesia and anaesthesia and general anaesthesia and 
are not as detailed as the first two sections. The problem of pain 
during Caesarean section is dealt with briefly without stressing 
the importance of good record keeping and follow up for both the 
mother and the junior anaesthetist. The anatomical illustrations 
are excellent and are comprehensive 1n the inclusion of the lumbar 
sacral plexus, the spinal cord and a good female dermatome chart. 
I was disappointed that there was no discussion on the effect of 
epidurals on labour outcome particularly with ‘walking epidurals’, 
and a more comprehensive account of the management of the 
pain of labour without regional analgesia 

This book is good on principles but lacking on some of the 
practical aspects of obstetric anaesthesia. However, it is a book 
that I would recommend all libraries and obstetric departments to 
buy and I would encourage those interested in obstetric anaesthesia 
to read. This 1s a book that the late Dr Jeffrey Selwyn Crawford 
would be proud of. 


A. E. May 


Managing Obstetric Emergencies. C. Cox and K. Grady. Published 
by Bios Scientific Publishers Ltd, Oxford. Pp. 195, indexed; 
illustrated. Price £19.95 ISBN 185996 1223. 


Emergency obstetric practice 1s still the domain of SpRs ın traming 
and this little pocket book will be welcomed most by those on 
the front line where the least experienced often have to deal with 
the most taxing obstetric problems. Wntten by a consultant 
obstetrician and a consultant anaesthetist, it is an encouraging sign 
of the collaboration that now prevails between the two specialities 
im the labour ward, facilitated no doubt, by a common foe— 
the lawyer! 

Obstetricians are the path finders in evidence based medical 
practice, and much of the background work for this book was 
undertaken in the development of evidence based guidelines for 
the North Staffordshire project ‘Achieving Sustainable Quality in 
Maternity (ASQUAM)’ co-ordinated by Richard Johanson, who 
also contributes several chapters to the book. Over 60 topics are 
covered in just under 200 pages grouped under the four main 
headings of Resuscitation, Obstetric Emergencies, Medical 
Emergencies and Legal Issues, with the emphasis very much on 
obstetric rather than purely anaesthetic problems. Difficult and 
unusual problems such as: confusion; HIV and AIDS; the Jehovah’s 
Witness patient; substance abuse; transfusion reactions; and issues 
of consent, are all here. Particularly valuable is a list of helpful 
national telephone numbers 

An ATLS style action plan 1s provided for most of the chapters, 
followed by supplementary information and a synopsis of 
systematic reviews. The authors acknowledge that this approach 
mevitably leads to much repetition but believe that it is the safest 
one for the relatively inexperienced practitioner. They may be 
correct, and certamly ıt works well for the resuscitation section 
but, as a slight ATLS phobe, I was less convinced about this 
format for some of the other sections. In many chapters, I found 
the action plans too generalized, whereas the supplementary 
information was often extremely valuable and informative 
Management of purely obstetric emergencies such as abnormal 
presentations, inverted uterus and retained placenta are done well 
with a clear didactic message. Eclampsia, pre-eclampsia and the 
diabetic patient are also clear and unambiguous. However, I 
thought abdominal pain, puerperal sepsis and thromboembolism 
too generalized and wanted more key diagnostic and therapeutic 
detal Haemorrhage is comprehensively covered in three chapters 
and I was pleased that the life-saving procedure of abdominal 
packing is recommended when all else fails. But I would have 
liked more specific criteria about when conservative management 


of postoperative bleeding has failed since ‘too little, too late’ 1s 
still a problem. I shuddered slightly at the recommendation of 
considering heparinization in the presence of acute DIC and 
wanted more detail about clotung tests, what they mean and how 
to act on them. There are very few typographical errors, the book 
is well indexed and the section on normal values in pregnancy 1s 
particularly useful. 

The publication of this book comcides with that of the similarly 
sized new edition of Professor T Baskett’s Essential Management 
of Obstetric Emergencies (3rd Edn) which covers far fewer topics 
but is richer ın diagnostic detail. In places such detail is missing 
from this book and could, with advantage, be introduced mto the 
next edition at the expense of some of the repetitive action plans 

This 1s not a book for the library. It belongs ın the white coat 
of every obstetric SpR as his or her vade-mecum. It will also be 
invaluable as a basis for drawing up and updating multi-disciplinary 
labour ward protocols 


R. G. Wilkes 


Handbook of Obstetric Anaesthesia M C. Norns Published by 
Lippincott Wilhams and Wukins, Philadelphia. Pp 529, indexed, 
illustrated. Price £25.00 ISBN 0781 18597. 


This handbook ıs wntten by a well-known specialist in obstetric 
anaesthesia. It is nicely produced and presented as almost 600 
pocket-sized pages of text. The jacket recommends it as a portable, 
practical distillation of Dr Norns’s best selling text book It 1s 
divided into three parts: (1) pre-operative assessment; (11) intra 
operative management; and (iii) after delivery Each part is 
subdivided into chapters; there are 33 in all. Each chapter is up 
to date and well referenced. Any diagrams or figures are helpful 
and clear, as is the subject index at the back of the book. But the 
‘pocket sized powerhouse’ approach to Part I, which includes 
comprehensive lists of facts on physiology and pre-operative 
evaluation of the pregnant patient, makes heavy reading of the 
first six chapters. 

Parts II and MI have some excellent chapters. Alternatives to 
conduction analgesia are well presented Interesting statistics are 
counterpointed with helpful tips on epidural catheter placement 
A basic yet comprehensive approach is taken to such diverse 
topics as general anaesthesia, pre-eclampsia, substance abuse. 
vaginal births after Caesarean section, and complications with 
regional anaesthesia. 

A prudent course of action 1s suggested for clinical scenarios 
Careful and thoughtful analysis ıs given to the grey areas of 
obstetric anaesthesia and the author is confident in giving his 
personal recommendations He gives an amusingly common sense 
approach to ambulation in labour, but I do not believe he meant 
us to increase the bupivacane concentration to 0.4% as a response 
(p. 273); he surely meant us to decrease it to 0.04% The North 
American origin of this book mevitably leads to discussion of 
drugs not available in Great Britain, with an absence of any 
reference to diamorphine. Similarly, some units of measurement 
are specific to the American system, 

The price of the book (£25 00) makes it suitable for individual 
purchase, and it is small enough to fit into a white coat pocket 
The condensed style of writing, with list format, makes it a book 
to dip into rather than one to read for prolonged periods 


L. Fahy 


Anaesthesia for Vascular Surgery. J Bannister and 
J. A. W. Wildsmuth (editors). Published by Arnold, London. Pp. 
337; mdexed, illustrated Price £55.00 ISBN 0340692049 


The editors feel that the expanding role of anaesthetists as members 
of the perioperative team, becoming more involved ın all aspects 
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of surgery including preoperative assessment and optimization, 
discussion of surgical options in terms of optimal risk benefit, and 
postoperative care in the Intensive Care or High Dependency Unit 
has shaped the form of this book. They hope it reflects current 
best practice. Authors of the 18 chapters are drawn from many 
parts of the world. Each chapter 1s comprehensively referenced 
and they are all up to date. The authors of each chapter are experts 
in the field and are obviously practising clinicians within their 
field of expertise. They argue their point of view cogently, and 
consistently provide logical, balanced guidance on anaesthesia 
(and its pitfalls) for vascular surgery in the broadest sense. Each 
chapter manages to present convincing data as to why their point 
of view is correct. At the same time, they provide the reader with 
both sides of the argument when the evidence for any opinion is 
not overwhelming. 

The title suggests that this book will only be of value to those 
anaesthetists practising 1n the rather limited field of major vascular 
surgery. However, that 1s not the case. A number of chapters 
consider the pathophysiology of vascular disease and assessment 
and anaesthesia for patients with vascular disease. In view of the 
increasing amount of surgery being performed on an increasingly 
elderly population, the book will be useful for any anaesthetist 
involved in any form of anaesthesia for the elderly, particularly 
those with established cardiovascular disease. The chapter on 
preoperative assessment of a patient with cardiovascular disease 
is one that I think all trainees in anaesthesia and surgery should 
read thoroughly and commit to memory. 

Each part of the body commonly requiring the attention of a 
vascular surgeon, for instance the descending thoracic aorta, the 
abdominal aorta, the carotid artery, the lower limb, and the upper 
lamb, and vascular emergencies have a separate chapter in this 
book. In addition to the more obvious chapters on anaesthesia for 
the most common vascular surgery operations, there are also 
chapters on the epidemiology of vascular disease, the scope of 
vascular surgery, normal cardiovascular physiology, preoperative 
assessment of all patients at risk of cardiovascular complications, 
and perioperative management of the cardiovascular system. There 
is a chapter on anaesthesia for renovascular surgery and renal 
transplant and finally an analysis of costs versus benefit for 
vascular surgery. 

The editors are to be congratulated on the general layout of the 
book and for ensuring that the prose is readable and understandable 
while still retaining all the necessary factual information. The 
book will appeal to any anaesthetist performing vascular surgery 
on a regular basis as it reminds us of the options and gives a good 
list of references for further reading It will also appeal to those 
practising in any field of anaesthesia that involves looking after 
patients with a compromised cardiovascular system. The chapters 
on cardiovascular dysfunction, preoperative assessment of the 
patient at risk of cardiovascular complications, and perioperative 
management of the cardiovascular system are easy to read and will 
be immensely useful for any anaesthetist ın training. Departmental 
libraries should consider owning this book and I am sure that all 
those who acquire a personal copy will consider ıt money well 
spent. I can recommend it wholeheartedly. 


R. M. Grounds 


Pediatric Anesthesia—A Quick Pocket Reference, 2nd Edn. 
D. C. Bloch and B. Ginsberg. Published by Butterworth— 
Heinemann, Woburn Pp. 365; indexed. Price £25.00 
ISBN 0 7506 7142 4. 


This pocket reference book seems to be aimed at American anes- 
thesiology trainees and the occasional pediatric anesthesiologist, 
who needs to know about drug doses and what to do in certain 
situations, without much background explanation. Although the 


authors have European and South African anaesthetic qualifications 
they now pracuse in the USA and so this book has a decidedly 
American slant. Of course, any book that advertises itself for 
pocket reference has to be able to fit into a pocket, and this one 
just about does, although it ıs rather heavy, weighing in at 250 g 
(9 oz); it would need something like a digital organizer in the 
opposite pocket to give balance! It has 15 chapters that cover 
most areas of paediatric anaesthesia, the majority of sections being 
in alphabetical order. Some of the chapters, such as those on 
anaesthetic related drugs and maintenance of anaesthesia, are 
simply lists of drugs, again in alphabetical order, and their doses. 
The layout of these sections does not make for easy reading as 
the drug name is on the left one third of the page and information 
about that drug is rather squashed into the remaining two-thirds 
of the page. Interestingly, remifentanil is not mentioned anywhere 
in the book Some of the drugs listed have American propnietary 
names and doses are in the ‘X mg/kg q8h’ format. A number of 
other abbreviations will be recogmzed by ER fans such as DSW 
(5% dextrose in water). All 1ons are mEq and not mmol. 

The first chapier on preoperative considerations does not mention 
EMLA or AMETOP, although EMLA does appear in the chapter 
on local and regional anaesthesia. In the first chapter it is suggested 
that an oral mixture of pethidine, diazepam and atropine is good 
for outpatient premedication, which would be considered unusual 
on this side of the Atlantic Ocean. What ıs included in which 
chapter is quite novel in some mstances, and does lead to surprises, 
but makes the book somewhat difficult to navigate. For instance, 
Chapter 4 1s called ‘Reversal’ and this includes reversal of anything 
that 1s normally, or can be, reversed; such as neuromuscular 
blockade, warfarin or respiratory depression! Hpiglottitis 1s 
included in the chapter on perioperative problems, rather than the 
airway chapter. The airway chapter does not describe how to 
manage a difficult airway, but does give a list of syndromes that 
are associated with difficult intubation. 

There are a number of helpful appendices at the end of the 
book ranging from normal paediatric values, to SI units and 
conversion factors, to definitions of various physical laws and 
equations There are also sections on proprietary names, all 
Amenican, with their generic equivalents, and a large section of 
over 40 pages on syndromes and thew anaesthetic implications. 
The last appendix is a list of nearly 400 references for the entire 
text, which is almost up to date, the most recent being from 1998. 
There are no illustrations in the book, which is presumably to 
keep its size to a minimum, but resuscitation algorithms are 
included. Two to four useful blank pages for additional reader’s 
notes are found at the end of each chapter. 

So, if one of my trainees asked me to recommend a smallish 
book on paediatric anaesthesia would I suggest this one? Probably 
not, as I would suggest foregoing the convenience of the pocket- 
sized book for a book which was more explanatory and easier 
to read. 


A. R. Bowhay 


Clinical Pharmacology of Local Anaesthetics. J. E. Tetzlaff. 
Published by Butterworth-Heinemann, Boston. Pp. 258; indexed; 
ulustrated. Price £36.99 ISBN 0 7506 9797 0. 


Although American in ongin, readers outside the USA will find 
this well-written book relevant; the local anaesthetics that are 
available in different parts of the world are described with frequent 
references to alternative drug names and spellings. Bold type 1s 
used throughout to highlight key terms, and the text 1s well 
referenced for further reading. Many tlustrations complement the 
text but unfortunately they look untidy because they have been 
sketched rather than drawn formally. A soft cover book, it is 
divided into five main sections with a total of 38 short chapters. 
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The first section comprises seven comprehensive chapters on 
the basic physiology and pharmacology (including systemic 
toxicity and allergic reactions) of conduction blockade. The chapter 
on allergy gives a very clear description of the pathophysiology 
of anaphylactic and anaphylactoid reactions and outlines strategies, 
both current and those in development, for identifying the allergen. 
There is little to disagree with in this section, but the brevity of 
some of the chapters has not allowed clear definihon of some key 
terms (e.g. frequency-dependent blockade). 

The second and third sections discuss the individual agents, 
first the esters then the amides. Using an identical format, each 
chapter deals with a single agent and encompasses history, chemical 
formulations, properties, toxicity and the application of the 
particular agent to clinical practice. A short section dealing with 
any controversy regarding the agent is also included. For example, 
the chapter on lidocaine considers the aetiology of the transient 
neurological symptoms that have been described after its intrathecal 
use. The standard chapter structure is very useful for those wanting 
detailed information on a particular agent, but there is a lot of 
repetition between chapters as each agent is considered individually 
for all forms of regional technique. 

The fourth section, additives and compounds, looks at strategies 
used to improve the clinical action of the various agents, and also 
the use of mixtures of local anaesthetics. Vasoconstrictors, EMLA 
and the chemical manipulation of agents are covered. There 1s an 
interesting chapter on compounding of local anaesthetics looking 


at the controversy of whether mixtures of agents cause synergistic 
or additive toxicity. The author quite rightly states that there 1s 
no evidence to support either theory in man and that the evidence 
from animal models is both confusing and contradictory. 

The final section of the book deals with the surgical application 
of local anaesthetics and although comprising approximately a 
third of the book, is the least well written. The author has given 
each surgical specialty for which local anaesthetic techniques can 
be used a separate chapter. Within each, the more common 
operative procedures are outlined, but rather than dealing wsth the 
basic principles, individual procedures are considered briefly and 
to the detriment of the content. Also, in including the more obscure 
practices (e.g. the use of spinal anaesthesia for cardiac surgery; 
intraperitoneal ınfusions to decrease ileus after bowel surgery) the 
author has not covered routine practice thoroughly. In a text of 
this nature, armed primarily at the trainee anaesthetist, the more 
common techniques should be described thoroughly and the 
obscure left to more comprehensive texts. 

In summary, this is a well researched, up to date text which 1s 
very easy to read and which would be of use not only to the 
trainee preparing for examunations, but also to any anaesthetist 
with an interest in regional anaesthesia. The final section is 
disappointing, but the comprehensive content of the other sections 
more than compensates for it. I feel this book would be a useful 
addition to any anaesthesia departmental library. 


J. B. Whiteside 
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Erratum 














Malposition of the epiglottis after tracheal intubation via the intubating laryngeal mask (BJA 1999; 83: 962-3) 


In Figure 2 the arrow pointing to the laryngeal aperture should have been labelled pyriform fossa. 


Putting the sterile syringe packaging to good use (BJA 2000; 84: 127) 


The size of the syringes was incorrect in second sentence in the second paragraph. The correct sentence is given below. 


The publisher apologises for this error. 


The plastic sterile packaging of the 20- and 50-ml syringe should be cut or torn neatly at the end opposite to the plunger. 
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The purpose of the British Journal of Anaesthesia is the 
publication of original work in all branches of anaesthesia, 
including’ the application of basic sciences. One issue 
each year deals mainly with material of postgraduate 
educational value. 

Papers for publication and all editorial communications 
should be addressed to: Dr J. M. Hunter, Editor-in-Chief, 
British Journal of Anaesthesia, University Department of 
Anaesthesia, Royal Liverpool University Hospital, The 
Duncan Building, Daulby Street, Liverpool L69 3GA, UK. 
Tel./Fax: +44 (0) 151 706 4005. 


Papers 

Papers submitted must not have been published in whole 
or in part in any other journal, and are subject to editorial 
revision. It is a condition of acceptance for publication that 
copyright becomes vested in the journal and permission to 
republish must be obtained from the publisher. 

Papers based on clinical investigation should conform to 
ethical standards as set out in the Declaration of Helsinki 
and should normally include a statement of approval. from 
an appropriate Ethics Committee. In the case of animal 
studies it is the responsibility of the author to satisfy the 
Board that no unnecessary suffering has been inflicted. 
Studies from the UK should specify the Home Office 
Licence number; from elsewhere, a statement of approval 
from an appropriate licensing authority. 


Legal considerations 


Authors should avoid the use of names, initials and hospital 
numbers which might lead to recognition of a patient. A 
patient must not be recognizable in photographs unless 
written consent of the subject has been obtained. A table 
or illustration that has been published elsewhere should be 
accompanied by a statement that permission for reproduction 
has been obtained from the authors and publishers. 


Preparation of manuscript 

Four copies of each manuscript (including revised texts) 
should be submitted and should indicate the title of the 
paper, the name(s), full address(es) of the author(s), and be 
in letter quality heavy type (not dot matrix), double-spaced 
on one side only of the paper, with a wide margin. 
Contributors should retain a copy in order to check proofs 
and in case of loss. Where possible, manuscripts should 
also be submitted on disk. Our preferred format is a 3.5” 
PC floppy disk with the file written in Word 6 for Windows. 
However, it is also possible to process disks submitted in 
other formats, provided sufficient information is supplied 


to enable conversion to the preferred format. Articles on 
disk should be prepared in the simplest possible form. 
Please do not use endnotes, footnotes, etc. for references. 
Correct fonts, type sizes, column measures, etc, will be 
added by the technical editor. 

Each of the four copies submitted must be accompanied 
by a complete set of figures. One set of figures must be 
unmounted glossy prints (see below); the three other sets 
may be photocopies. 

Manuscripts should be accompanied by a formal letter 
of request for publication which should be signed by all 
the authors. There should be a clear declaration of any 
financial or commercial interest which any author may 
have in the material. The Editor may wish to see raw data 
if necessary. 

Papers in recent issues of British Journal of Anaesthesia 
should be consulted for general and detailed presentation. 
They are most often subdivided into: 

Title page 

Summary, including Keywords 
Introduction (not headed) 

Methods 

Results 

Discussion 

Acknowledgements 

List of references 

Tables (including legends to tables) 
Tlustrations 


Title page 


There should be a separate title page, including the name(s) 
and address(es) of all author(s). It should be made clear 
which address relates to which author. Authors’ present 
addresses differing from those at which the work was 
carried out, or special instructions concerning the address 
for correspondence, should be given and referenced at the 
appropriate place in the author list by superscript numbers. 
If the address to which proofs should be sent is not that of 
the first-mentioned author, clear instructions should be given 
in a covering note and not on the title page. The title page 
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be of 50-150 words. It may be used as it stands by 
abstracting journals. 

Three to five key words or phrases (for indexing) should 
be included below the summary. 


Introduction 


The introduction should give a concise account of the 
background of the problem and the object of the investi- 
gation. Previous work should be quoted only if it has a 
direct bearing on the present problem. 


Methods 


Methods must be described in sufficient detail to allow the 
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Any modification of previously published methods should 
be described and the reference given. If the methods are 
commonly used, only a reference to the original source 
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Drugs 
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Results 
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repeated unnecessarily in text, tables and figures, and 
unwarranted numbers of digits should be avoided. Signific- 
ance should be given as values of probability. 


Discussion 
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be abbreviated to three authors followed by et al. 

Text references to ‘unpublished observations’ or ‘personal 
communications’ should not be included in the final list of 
references. Authors are responsible for verifying that the 
wording of references to unpublished work is approved 
by the persons concerned. Papers which have been 
submitted and accepted for publication should be included 
in the list, the phrase ‘in press’ replacing volume and page 
number. Information from manuscripts submitted but not 
yet accepted should be cited in the test as unpublished 
observations. 

Examples of correct forms of references: 

Journals: 


1 Brown BR jr, Gandolphi AJ. Adverse effects of volatile anaesthetics. 
Br J Anaesth 1987; 59, 14-23 


Chapter in a book: 
2 Hull CJ Opioid infusions for the management of postoperative pain 


In: Smith G, Covino BG, eds Acute Pam London: Butterworths, 

1985; 155-79 
Monographs: 

3. Moore, DC Regional Block, 4th Edn. Springfield, Hlnois: Charles C 

Thomas, 1979 

Restrict references to those that have direct bearing on 
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Symptomatic relief in the treatment of osteoarthritis 

DOSAGE AND ADMINISTRATION 

The adult starting dose is 12.5 mg once-daily orally with or without 
food. Some patients may receive additional benefit by increasing the 
dose to 25 mg once-daily, 25 mg daily should not be exceeded. 
Elderly: Exercise care when increasing the dose from 12.5 mg to 25 mg 
Hepatic insufficiency; In mild hepatic insufficiency, do not exceed 
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failure, left ventricular dysfunction or hypertension 
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rofecoxib developed perforations, ulcers or bleeds (PUBs). Patients with 
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At daily doses higher than 25 mg, the risks of gastro-intestinal symptoms, 
oedema or hypertension are increased. 
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with rofecoxib. 
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Interactions (pharmacodynamic): Warfarin: closely monitor the 
prothrombin time when therapy with rofecoxib is initiated in patients on 
warfarin therapy. ACE-inhibitors. administration of 25 mg daily of 
rofecoxib with benazepril, 10 mg to 40 mg daily for four weeks to 
patients with hypertension was associated with a small attenuation of 
the antihypertensive effect compared to the ACE inhibitor alone. This 
should be considered in patients taking rofecoxib concomitantly with 
ACE inhibitors. Beta-biockers and diuretics: concomitant use of 
NSAIDS may reduce the antihypertensive efficacy of beta-blockers and 
diuretics and the other effects of diuretics. Aspirin: at steady state, 
rofecoxib 50 mg once-daily had no effect on the anti-platelet activity of 
low-dose (81 mg once-daily) aspirin. Avoid concomitant administration 
of rofecoxib with higher doses of aspirin or other NSAIDS 
Cyclosporin/tacrolimus: monitor renal function when rofecoxib and 
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of intestinal CYP3A4 activity, the pharmacokinetics of drugs 
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clinically significant extent. However exercise care when co-presenbing 
substrates of CYP3A4 with rofecoxib. Rifampicin: co-administration of 
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rofecoxib with rifampicin, a potent inducer of CYP enzymes, produced 
an approximate 50% decrease in rofecoxib plasma concentrations 
Therefore, consider the use of the 25 mg dose when rofecoxib is used 
with potent inducers of hepatic metabolism. 

Based on in vitro data, rofecoxib is not expected to inhibit cytochromes 
P450, 2C9, 2C19, 2D6 or 2E1 

Pregnancy: Do not use in the last trimester of pregnancy, because like 
other prostaglandin synthesis inhibitors rofecoxib may cause uterine 
inertia and premature closure of the ductus arteriosus. Rofecoxib should 
not be used during the first two trimesters of pregnancy unless the 
benefit to the patient outweighs the risk to the foetus. 

Lactation; contra-indicated. 

SIDE EFFECTS 

The following drug-related undesirable effects were reported at an 
incidence greater than placebo in clinical studies in patients treated 
with rofecoxib 12.5 mg or 25 mg for up to six months 

Common (1/100, <1/10) 

Ocedema/fluid retention, abdominal pain, dizziness, hypertension, 
heartburn, epigastric discomfort, diarrhoea, nausea, dyspepsia, 
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In addition, mild hypersensitivity reactions have been reported rarely. 
The undesirable effect profile was similar in patients treated with 
rofecoxib for one year or longer. 
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3rd South West Thames 
Anaesthesia Forum 







23-26 October, 2000 

(revised dates) 
Da Balaia, The Algarve, 
Portugal 
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Open to all Anaesthetists - limited to 100 participants 
The Scientific Programme will include lectures, and discussions on: 
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seeks attending anesthesiologists with fellowship training (or 
equivalent), for clinical O.R, care of heart/lung transplant recipients in 
Palermo, Italy. Exciting joint venture of UPMC Health System and 
the Italian Government. Position involves full time faculty appointment 
(all ranks) at the University of Pittsburgh. as well as an extremely 
attractive salary. benefits, and relocation allowance, 
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5th Congress of the European Resuscitation 
Council ‘Resuscitation 2000’ 

Antwerp, June 1-3, 2000 

Congress Director: Prof. Dr Leo Bossaert 

For further information, registration and abstracts, please 
contact: 

ERC secretariat, PO Box 113, 2610 Antwerp, Belgium. 
Tel: +32 3 821 36 16; Fax: +32 3 828 48 82; E-mail: 
erc @uia.ua.ac.be; Website: http://www.erc.edu. 

For hotel reservation and tours, contact: 

Medicongress, Waalpoel 28/34, 9960 Assenede, Belgium. 
Tel: +32 9 344 39 59; Fax: +32 9 344 40 10; 
E-mail; ERC2000@medicongress.com; Website: http:// 
www.medicongress.com/erc. 

*Pre-congress courses in BLS, AED, ALS, PLS on May, 
29-31, 2000. 


M.E.R.LT. Centre Bradford Royal Infirmary, 
Bradford, UK - One day course in Spinal 
Endoscopy 

Bradford, UK, June 9, 2000, September 15, 2000 and 
October 27, 2000 

One day course with lectures, practical equipment demon- 
strations and observation of the technique in patients. Course 
material includes a comprehensive, practical guide to all 
aspects of the technique. Instrumentation is state-of-the-art, 
and it is anticipated that upon completion delegates will be 
in a position to consider setting up such a service in their 
own locality. On-going training will be offered. 

Of interest to all those involved in the management and 
investigation of patients with back pain and sciatica as well 
as those involved with central neural blocks. Numbers of 
delegates strictly limited. Lunch will be provided. 

For further information please contact: 

Dr Jonathan Richardson, MERIT Centre, Bradford Royal 
Infirmary, Bradford, BD9 6RJ. 

Tel: +44 1274 364271/364253; Fax: +44 1274 366811; 
E-mail: merit.centre@ mail. bradh-tr/northy.nhs.uk 


Frontiers in Anesthesia 


Allergy, Immunology, and Anesthetic Action 
Ontario, June 10-12, 2000 


The conference will take place at Queen's Landing Hotel, 
Niagara-on-the-Lake, Ontario, Canada. 
For further information and registration, please contact: 


Centre for Continuing Education. Tulane University Medical 


Center, 1430 Tulane Ave, TB 51, New Orleans, LA 
70112, USA. 


Tel: +1 800 588 5300 or +1 504 588 5466; Fax: +1 504 
584 1779; E-mail: cme@mailhost.tcs.tulane.edu. 


For further details and electronic registration. visit the web 
page: http://www.tme.tulane.edu/anes/niagara/ 


World Paediatric Anaesthesia Meeting 

Nova Scotia, June 14-16, 2000 

The meeting will take place at the Westin Nova Scotian 
Hotel, Halifax, Nova Scotia, Canada. 


For further information, please contact: 

Dr. John G. Muir, Division of Paediatric Anaesthesia, IWK 
Grace Health Centre, 5850 University Avenue, Halifax, 
Nova Scotia, Canada B3J 3G9. 

Fax: +902 428 2911. E-mail: wpam2000@is.dal.ca Visit 
our web site: www.dal.ca/wpam2000. 


Therapeutic Applications of Leukocyte 
Filtration 
Lendon, July 7, 2000 


The Hammersmith Hospital, Imperial College, London. UK, 
is pleased to stage a one-day workshop. This prestigious 
meeting is being organized by Professor Ken Taylor and 
Dr Terry Gourlay who have invited a guest panel of 
international speakers. 

Topics presented include: Angioplasty Therapy for Acute 
Myocardial Infarction with Leukocyte Filtration: Filtration 
of Malignant Cells using Leukocyte Filtration on Cardio- 
pulmonary Bypass; Leucofiltration of Cell Salvaged Blood: 
Techniques and Timing of Systemic Leukocyte Filtration on 
Cardiopulmonary Bypass; Leukocyte Depletion in Vascular 
Surgery; Leukocyte Tactics and Improved Patient Outcome 
After Extracorporeal Circulation, Leukocyte Filtration in 
Paediatric Cardiac Surgery; Systemic Leukocyte Filtration 
during Cardiopulmonary Bypass; Effects of Leukocyte 
Filtration of Blood Transfusion on Postoperative Complica- 
tions; The Therapeutic Benefit of Depleting Blood Poly- 
morthonuclear Cells from Patients with SIRS; Role of 
Leukodepletion in SIRS, 


Abstracts are invited for poster presentations at this work- 
shop. Abstract forms are available from the conference 
centre (address below). Prizes will be awarded to the best 
three abstracts. 

Further details and registration forms are available from: 


Jean Bryant, Manager, Wolfson Conference Centre, Imperial 
College of Science, Technology and Medicine, Ham- 
mersmith Hospital, Du Cane Road, London W12 ONN, UK. 
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Tel: +44 (0) 208 383 3117; Fax: +44 (0) 208 383 2428; 
E-mail: wec @rpms.ac.uk 


Edinburgh Anaesthesia Festival 
Edinburgh, August, 23-25, 2000 


Organized by the Department of Anaesthetics, Royal 
Infirmary of Edinburgh, to coincide with the 2000 Edinburgh 
International Festival of the Arts. The 3-day programme 
consists of lectures and discussion on current topics in 
anaesthesia. The lecturers are from all parts of the United 
Kingdom and represent leading opinions in their field. 

For further information: Edinburgh Anaesthesia Festival, 
University Department of Anaesthetics, Royal Infirmary, 
Lauriston Place, Edinburgh EH3 9YW. Tel: +44 131 536 
3652; Fax: +44 131 536 3672; E-mail: anaes @ed.ac.uk 


The Fifth Annual Symposium of the 
Association for Low Flow Anaesthesia 
Ulm/Neu-Ulm/Germany, September 8-9, 2000 
For further information, please contact: 


Priv. Doz. Dr Uwe Schirmer, Priv. Doz. Dr Thomas Marx, 
Department of Cardiac Anaesthesia, University of Ulm, 
Steinhdvelstr. 9, D-89075 Ulm, Germany. 


Tel: +49 731 5021521; Fax: +49 731 5026757; e-mail: 
alfa2000@gmx.net; congress homepage http:/Awww.uni- 
ulm.de/alfa2000. 


Annual Scientific Meeting in Anaesthesiology 
2000 
Hong Kong, September 8-10, 2000 


We have great pleasure to advise you that the captioned 
Meeting will be held on 8-10 September 2000 at the 
Sheraton Hong Kong Hotel and Towers. 


Provisional Scientific Programme. Airway Workshop (Prof. 
David Chung); Regional Anatomy, Workshop for Regional 
Blocks (Prof. Phillip Bridenbaugh); Evidence Based Medi- 
cine Workshop (Dr. Florence Yap and Dr. Gavin Joynt); 
Keynote Lectures: Perioperative Medicine — International 
Perspective (Chairman: Dr T. W. Lee) (Prof. Phillip 
Bridenbaugh), (Prof. Mathieu Gielen); (Dr Neil MacIntyre) 


Panel Discussion: Medical Liability vs Litigation (Chair- 
man: Dr T. W. Lee) (Mr Douglas Jones and Mr Chris 
Howse). Debates (Chairman: Dr C. T. Hung) (Prof. Michael 
Irwin and Prof. Warwick Ngan Kee vs Dr Phoebe Mainland 
and Dr Eddie Cheam); ICU Workshop Weaning from 
Ventilator (Dr Neil MacIntyre). 


Keynote lectures: Perioperative Medicine—-International 
Perspective Chairman: Dr T. W. Lee. The Road Ahead— 
Anaesthesiologist as Perioperative Physician (Prof. Phillip 
Bridenbaugh); Lung Protective Ventilatory Strategies (Dr 
Neil MacIntyre); Perioperative Pain Management—Com- 
fort, Care and Cure (Prof. Mathieu Gielen). 





Plenary session I. Test No Test? (Prof. Michael Irwin): 
Premedication—In or Out (Dr Jeffrey Kua): Pe 


Haemodynamic Goals (Dr Gavin Joynt). 





roperalive 


Plenary session I, Preemptive Analgesia: Fact or Fallacy 
(Prof. Phillip Bridenbaugh); Anaesthetic Techniques—-A 
Look into the Future (Prof Tony Gin); Continuous Spinal 
Anaesthesia—Is There a Role in Anaesthesia and Postopera- 
tive Analgesia (Prof. Mathieu Gielen). 





Plenary session HI, Chairman: Prof. Tom Backley. Evalu- 
ation and Management of Postoperative Respiratory 
Insufficiency (Dr Neil MacIntyre); Acid-Base Secrets 
(Dr Ian Tan); Post-Anaesthetic Care-——How Par Should We 
Go? (Dr C. T. Hung). 

Refresher Course topics include: New Analgesic Agents 
(Dr S. L. Tsui); Anaesthesia for Cerebral Aneurysm Surg 
(Dr Sathasivam Anandaciva); Advances in Clinical 
Measurement (Dr James Derrick): Paediatric Anaesthetic 
Emergencies (Prof. Cindy Aun); Day Case Anaesthesia 
(Dr Gwen Fok): Physiology of Consciousness (Prof, 
Michael Irwin); Spinal Anaesthesia for Day Surgery (Prof, 
Mathieu Gielen); Clinical Pharmacokinetics (Prof. Tony 
Gin); Anaesthesia for High-Risk Parturients (Prof, Warwick 
Ngan Kee); Physiology of Pregnancy (Dr K K. Lam): 
Anaesthesia for Thoracic Aneurysms (Dr Dash and TEE 
(Dr Peter Hiong) 






gery 


For further information please contact Ms Melissa Leung 
of the Federation of Medical Societies of Hong Kong. Tel: 
(852) 2527 8898; Fax: (852) 2866 7530 





XIX Annual Congress of the European 
Society of Regional Anaesthesia Joint Annual 
Congress with EuroPain 8th European 
Conference on Pain Research 

Rome, Italy, September 20-23, 2000 

The congress will be held in the Sheraton Hotel. 

Abstract deadline is June 1, 2000. 

For further information, please contact: 

Options Eurocongress, Ms Dionne Bosma, Rue Washington 
129, B-1050 Brussels, Belgium. 


Tel: +32 2 346 5643; Fax: +032 2 346 5435: 
E-mail: dionne @options.com.cy 


Collaborative Conference between 
Bournemouth University and Salisbury 
Health Care NHS Trust 

Salisbury, UK, September 21, 2000 


Day Surgery Conference at Salisbury District Hospita 





Por further information please contact) Sam Williams. 
Administrative Assistant, [HCS, Bournemouth Universit 
Royal London House, Christchurch Road, Bournemouth, 
BHI 3LT. Tel: +44 (0)1202 504196 
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Refresher Course in Anaesthesiology 

Durban, South Africa, September 22-23, 2000 

For further information contact: Congress Office, Depart- 
ment of Anaesthesia, University of Natal, Private Bag 7, 
Congella 4013, Durban, South Africa. Tel/Fax: +27 31 
260 4472; E-mail: maliti@med.und.ac.za Website: http:// 
www.und.ac.za/med/anaesth/sasa200 1 html 


Second All Africa Anaesthesia Congress in 
conjunction with the National Congress of 
the South African Society of 
Anaesthesiologists 

Durban, South Africa, September 23-27, 2000 

For further information contact: Congress Office, Depart- 
ment of Anaesthesia, University of Natal, Private Bag 7, 
Congella 4013, Durban, South Africa. Tel/Fax: +27 31 
260 4472; E-mail: maliti@med.und.ac.za Website: http:// 
www.und.ac.za/med/anaesth/sasa2001.html 


Surfactant 2000 

From Trier to Basle September 23-29, 2000 

This is an international floating congress on the rivers 
Mosel and Rhine. All aspects of surfactant (basic science/ 
clinical applications) will be addressed. 

For further information, please contact: 


Dr B. Lachmann, Department of Anesthesiology, Erasmus 
University Rotterdam, Postbox 1738, 3000 DR Rotterdam, 
The Netherlands. 

Web site: http://www. floating-congress.vet.uu.nl 


13th Annual Congress of the European 
Society of Intensive Care Medicine 

Rome, Italy, October 1-4, 2000 

For further information, please contact: 

ESICM Congress Secretariat, 40 Avenue Joseph Wybran, 
B-1070 Brussels, Belgium. 

Tel: + 32 2 559 0355; Fax: +32 2 527 0062; E-mail: 
public @esicm.org: Internet http://www.esicm.org 


Dingle 2000 — Current Controversies in 
Anaesthesia and Perioperative Medicine 
Dingle, County Kerry, Ireland, October 4-8, 2000 
University College London Hospitals Centre for Anaesthesia 
announce a call for abstracts: there is an opportunity to 
submit work for poster presentation and selected finalists 
will be invited to give an oral presentation (prizes totalling 
£1000). Any research is acceptable provided it has not been 
published in any peer reviewed journal by the abstract 
deadline of 30 June 2000. 

For further abstract and meeting registration details please 
contact: 


Dr Monty Mythen, Centre for Anaesthesia, Room 103, {st 
Floor Crosspiece, Middlesex Hospital, Mortimer Street, 
London, WIN 8AA, UK. 

Tel: +44 20 7380 9477; Fax: +44 20 7580 6423; 

E-mail: uch.acru@btinternet.com 


European Academy of Anaesthesiology 
European Diploma in Anaesthesiology and 
Intensive Care 

Part I (MCQ), October 7, 2000 


(Endorsed by the European Board of Anaesthesiology (EBA) 
of the Union of European Medical Specialists (UEMS) 
This examination will be held in English, French, German, 
Italian and Spanish in Athens, Barcelona, Berne, Budapest, 
Cluj-Napoca, Gottingen, Liège, Ljubjlana, London, Lund, 
Moscow, Oslo, Paris, Poznan, Riga, Rome, Tel Aviv, 
Uppsala and Vienna. 

Regulations and application forms are available from: 


Examinations Manager, European Academy of Anaesthesi- 
ology, London House, 243 Lower Mortlake Road, Rich- 
mond, Surrey TW9 2LS, UK. 

Tel: +44 (0)208 940 6240; Fax: +44 (0)208 940 6262, E- 
mail: DEAA@compuserve.com: Home page: http://eaa- 
web.cu.org 

The closing date for receipt of applications is May 31, 2000 
(fee: £170) 

Applications received after the closing date or un- 
accompanied by the full fee cannot be accepted and will 
be returned. 


Wood Library-Museum’s Quadrennial 
Laureate of the History of Anesthesia Prize 


Members of the Editorial team of the BJA are pleased to 
announce that, Dr Thomas B. Boulton (UK) and Dr Norman 
A. Bergman (USA) are to be awarded the Wood Library — 
Museum’s quadrennial Laureate of the History of Anesthesia 
Prize at the annual meeting of the American Society of 
Anesthesiologists in October 2000, in San Francisco. 


We offer our hearty congratulations to Dr Boulton, and to 
the family of Dr Bergman, who unfortunately died recently. 


Haemostasis and Transfusion—Perioperative 
Management in Elderly Patients 

Graz, Austria, October 27 and 28, 2000 

This symposium has been organized by the Department of 
Anaesthesiology and Intensive Care Medicine, University 


of Graz and Department of Anaesthesiology, University 
of Munich. 


The preliminary programme includes: haemostasis and 
transfusion, and perioperative management in elderly 
patients. 


For further information contact: M. Neuray/G. Taucher, 
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Department of Anaesthesiology and Intensive Care Medi- 
cine, LKH-Universititskinikum Graz, Auenbruggerplatz 29, 
A-8036 Graz, Austria. Tel: +43 316 385 3027; Fax: 
+43 316 385 4664; E-mail: haemostasis @kfunigraz.ac.at. 
www.kfunigraz.ac.at/uanwww/haemostasis.htm 


St Bartholomew’s Hospital Choral Society 
Royal Albert Hall, London, UK, November 21, 2000 

St Bartholomew’s Hospital Choral Society celebrates the 
millennium and their 35th anniversary with the Royal 


Medical Benevolent Fund as their chosen Charity for their 
season 2000/2001. 


Mahler’s Symphony No. 8 ‘Symphony of a Thousand’ with 
the Royal Philharmonic Orchestra, Royal Albert Hall, 21 
November 2000. 

It needs a really big choir, splendid orchestra, fine soloists 
and conductor. Six hundred singers are needed for this 
monumental work. 

To participate contact the Barts Choir Honorary Secretary 
on: 

Tel: +44 1628 664157. 

Or to support, details available from: 

The Royal Medical Benevolent Fund, 24 King’s Road, 
Wimbledon, London SW19 8QN. 


Tel: +44 20 8540 9194; Fax: +44 20 8542 0494; 
E-mail: rm.bf@virgin.net 


11th Congress, Western Pacific Association of 
Critical Care Medicine 

Singapore November 29-December 3, 2000 

This meeting will take place at the Westin Stamford and 
Westin Plaza, Singapore and is organized by the Society of 
Intensive Care Medicine (Singapore). 

For further information, please contact: 

llith WPACCM Congress Secretariat, Academy of Medi- 
cine, Singapore College of Medicine, Building 16, College 
Road, #01-01, Singapore 169854. 

Fax: +65 225 5155; E-mail: monicaw @pacific.net.sg 


19th Annual Symposium Clinical Update in 
Anesthesiology and Advances in Techniques 
of Cardiopulmonary Bypass with 
International Faculty and Industrial Exhibits 
San Juan, Puerto Rico, January 13-20, 2001 

Free Papers will be accepted for oral and poster presentation 
in four categories: (i) monitoring; (ii) new pharmacological 
agents; (iii) interesting case reports; (iv) cardiopulmonary 
bypass technology. Abstracts forms are available upon 
request. The deadline for submission is November 1, 2000. 
Tuition will not be waived. Brochure available in June 2000. 


For information and abstract forms contact: Helen Phillips, 


Box 1010, Mt. Sinai Medical Center, One Gustave L. Levy 
Place, New York, NY 10029-6574, USA. 


Tel: +1 212 241 7630; Fax: +1 212 426 2009; E-mail: 
helen_phillips @ smtplink.mssm.edu 


2nd International Conference on Pain 
Control and Regional Anaesthesia 

Jaipur, India, February, 2001 

For further information on the congress, please contact: 


Options Eurocongress, Ms Dionne Bosma, Rue Washington 
129, B-1050 Brussels, Belgium. 


Tel: +32 2 346 53 01; Fax: +32 2 346 36 37: E-mail: 
dionne @ options.com.cy 


ESRA 4th Workshop ‘Neural Blockades on 
Cadavers’ 

(European Society of Regional Anaesthesia) 
Innsbruk, Austria, February 22-24, 2001 

For further information on the congress, please contact: 


Options Eurocongress, Ms Dionne Bosma, Rue Washington 
129, B-1050 Brussels, Belgium. 


Tel: +32 2 346 53 O1; Fax: +32 2 346 36 37: E-mail: 
dionne @ options.com.cy 


ESA 8th Annual Congress 


(European Society of Anaesthesiologists) 
Gothenburg, Sweden, April 10, 2001 


Abstracts deadline: December 1, 2000 

For further information on the congress, please contact: 
Options Eurocongress, Ms Dionne Bosma, Rue Washington 
129, B-1050 Brussels, Belgium. 

Tel: +32 2 346 53 01; Fax: +32 2 346 36 37; E-mail: 
dionne @options.com.cy 


16th Annual Meeting of the European 
Association of Cardiothoracic 
Anaesthesiologists (EACTA) 

Weimar, Germany, May 16-19, 2001 

For further information please contact: 

Anita Akabogy, Congress Department, MCN Medizinische 
Congress-organisation Nürnberg AG, Zerzabelshofstrasse 
29, 90478 Nuernberg, Germany. 

Tel: +49 911 393 16 10; Fax: +49 911 393 16 435: E-mail: 
akabogu@men-nuernberg.de; www: http//www men- 
nuernberg.de 
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German Congress of Anaesthesiology 2001 
(DAK 2001) 


Messezentrum Niirnberg, June 13-16, 2001 


International Symposium on 
Anaesthesiological and Surgical Perspectives 
of Ambulatory Surgery in the New 
Millennium 

Stockholm, Sweden, August 30 ~ September 1, 2001 
For further information on the congress, please contact: 


Options Eurocongress, Ms Dionne Bosma, Rue Washington 
129, B-1050 Brussels, Belgium. 


Tel: +32 2 346 53 01; Fax: +32 2 346 36 37, E-mail: 
dionne @ options.com.cy 


ESRA XX Annual Congress 


(European Society of Regional Anaesthesia) 
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Editorial I 


Spinal cord injury and direct laryngoscopy — the legend lives on 


In 1989, Rosen and Wolfe questioned the prevailing dogma 
that direct laryngoscopy was an unsafe procedure in patients 
with unstable spines. They suggested that it was in fact 
a legend, arising mainly from the natural anxieties of 
physicians.! No case reports of spinal cord injury (SCI) at 
laryngoscopy could be found, nor any evidence to show 
that the method of intubation made any difference to 
outcome. In the decade since then, there have been five 
reports, dealing with nine patients, which allege that SCI 
resulted from tracheal intubation involving direct laryngos- 
copy.” In addition, there has been one report incriminating 
airway management, when direct laryngoscopy was one of 
the procedures performed.’ Is Rosen and Wolfe’s ‘legend’ 
now fact? Before giving an account of these case reports 
(where, notably, most of the authors were not anaesthetists), 
it may be helpful to consider what is currently known about 
the movements of the cervical vertebrae during intubation, 
and some experimental and clinical evidence about the 
induction of a myelopathy. 

Most anaesthetists and surgeons probably believe that 
the risk of SCI during direct laryngoscopy is largely a 
matter of mechanical compression. Direct laryngoscopy 
can appear dramatic, even brutal, and it is not surprising 
that there is concern over the safety of the technique in 
patients with cervical spine disease, whether the spine is 
stable or not. The procedure has been accused of causing 
‘maximal movement and extension of the entire cervical 
spine’ in one of the above reports.” However, two studies 
bave concluded that in normal patients and volunteers 
there is minimal movement below C3 during direct 
laryngoscopy;® ° this finding is supported by the reduced 
prevalence of difficult laryngoscopy found in patients 
with cervical disease below C3.!° Since cervical movement 
during laryngoscopy is concentrated at the occipito- 
atlanto-axial complex, it would seem likely that spinal 
disease at this level is the most dangerous in terms of 
the risk of SCI. It can be argued that the amount of 
movement in the cervical spine from C3 to C7, resulting 
from laryngoscopy, might be different in unstable spines. 
It will always be difficult to study the unstable spine, 
and our knowledge of its movements during intubation 
(whether the patient is awake or asleep) remains limited. 


So far, investigations have been confined to cadavers. 
Donaldson and colleagues studied the movements at the 
C5-C6 joint before and after surgical destabilization.!! 
They found a difference of <2 mm translation and 4° 
of angulation between the stable and unstable specimens 
at direct laryngoscopy. Earlier radiographic studies of 
unstable cervical spines showed that other airway man- 
oeuvres, such as jaw thrust, caused similar degrees of 
movement.'? If the deformations of the spinal canal are 
indeed so small, can an SCI be produced during the few 
seconds or minutes that is required for direct laryngoscopy? 

The development of a myelopathy is believed to result 
from a combination of mechanical deformation and vascular 
compromise and, unless the deformation is extreme, the 
duration of the unfavourable conditions is likely to be a 
crucial factor.' Experimental evidence from animal models 
of SCI indicates that minor or moderate degrees of compres- 
sion require some time to produce lasting injury. Dolan, 
Tator and Endrenyi demonstrated a predictable relationship 
between the force of cord compression, its duration and the 
resultant neurological injury.'* When compression sufficient 
to produce 50% constriction was applied around dogs’ 
spinal cords, Delamarter, Sherman and Carr found that 
26 h of constriction led to permanent loss of function, 
whereas after <1 h of constriction there was nearly complete 
recovery (although initial neurological impairment was 
noted in all the dogs).!° Compression of the cord during 
laryngoscopy has not been quantified in relation to the 
movements that occur, although some evidence concerning 
probable qualitative changes is available. Flexion of the 
spine causes elongation of the cord with narrowing of the 
diameter of the longitudinal vessels.!© Extension causes an 
increase in diameter of the cervical cord and folding of the 
ligamentum flavum, which may exert pressure on the cord 
and the posterior longitudinal vessels.'? Flow through the 
radicular vessels is also believed to be obstructed during 
cervical movement.!? Dinsmore, Bacon and Hollway have 
shown that alteration of spinal curvature can increase CSF 
pressure (and reduce cord perfusion pressure) by 20 mm 
Hg.'’ All of these effects might be accentuated in the 
injured or diseased spine. Magnaes, in a remarkable series 
of investigations on patients with spinal stenosis, showed 
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that alteration of head position in simulated laryngoscopy 
could obstruct CSF flow around the cord.!8 The patients 
would almost certainly have needed to increase their perfu- 
sion pressure to avoid cord ischaemia, but none of them 
came to harm. It is tempting to suggest that hypertension, 
which is a notorious feature of direct laryngoscopy, repres- 
ents a safety factor in patients with cervical spine disease. 
The contribution of vascular compromise to SCI during 
anaesthesia has probably been underestimated, while the 
consequences of spinal movement have been overemphas- 
ized. Forty per cent of patients with cervical fractures or 
dislocations have vertebral artery injuries,!® and reports of 
neurological injury induced by cervical manipulation have 
mostly been of a vascular type of lesion, such as posterior 
inferior cerebellar artery syndrome.” 

There is no doubt that hypotension”! and prolonged 
malposition can cause cervical cord damage, even in normal 
patients. Levy reported a case of a man who developed a 
cervical myelopathy after being tied up in flexion for 12 h.” 
Merli and Staas reported three cases of myelopathy after 
abnormal body positioning, including one man who spent 
8 h sitting with his neck flexed while drunk.” Dominguez 
and colleagues reported the case of a young woman who 
underwent surgery for the excision of tracheal rings.2+ At 
the end of the procedure, her chin was stitched to her chest 
to prevent tension on the tracheal repair. The patient had 
normal neurology on recovery, but after 8 h she developed 
an irreversible tetraplegia. 

The patients described above suffered neurological dam- 
age after major degrees of malpositioning, but there is clear 
evidence that SCI can occur even when malpositioning is 
minor. We believe that the case reported by Deem and 
colleagues® is important. They described a man with 
cervical spondylosis, who required surgery on his lumbar 
spine. The patient was intubated and then positioned while 
awake, and normotension was maintained, but at the end 
of a 6 h procedure the patient was found to have sustained 
a cervical myelopathy of the central cord type. We have 
little doubt that, had Deem and colleagues not taken the 
precaution of intubating the patient awake, the lesion would 
have been blamed on direct laryngoscopy. Linstedt and 
colleagues described a 12-yr-old patient, with significant 
cervical stenosis at the C1 level as a result of mucopolysac- 
charidosis type IV, who underwent facial surgery for 11 h.” 
The patient was carefully positioned with the head and 
neck in a neutral position. Three hours into surgery, the 
cortical sensory evoked potentials (SEPs), which were being 
used to monitor spinal cord function, suddenly disappeared. 
The patient’s head was slightly anteflexed and the signals 
returned to normal. Bejjani and colleagues described a 
patient known to have cervical stenosis and spondylosis, 
who was undergoing cerebral angiography.”’ The patient’s 
head had been strapped in place, and her complaints that 
the position was uncomfortable and that her arms were 
becoming paralysed were treated with diazepam. Cervical 
myelopathy appears to have started about 45 min after the 


procedure began. There have been reports of myelopathy 
occurring in the lumbar and thoracic regions, which have 
been ascribed to prolonged spinal malposition.”8 A feature 
common to almost all of these cases is the relatively lengthy 
period of time that elapsed before the onset of critical 
spinal cord ischaemia. The immobility induced by general 
anaesthesia is a highly abnormal condition; it is probably 
no accident that human beings rarely stay still for long, 
even in sleep. 

Proving that direct laryngoscopy was the cause of an 
SCI is problematic. Direct laryngoscopy is followed by 
a period cf unconsciousness, during which neurological 
assessment will be more or less impossible. Alternative 
possible causes of SCI, such as hypotension and malposi- 
tioning, may occur during the period of unconsciousness, 
but it is also hard to prove that direct laryngoscopy did not 
cause an SCI. The best we can hope for is likely to be a 
diagnosis based on a balance of probabilities. We have tried 
to identify features that would give weight to a diagnosis 
of direct laryngoscopy-induced SCI. The principal symp- 
toms and signs of acute cervical myelopathy are weakness 
of the limbs, sensory abnormalities and areflexia; although 
these will be difficult to assess until the patient is fully 
conscious, we suggest that these symptoms and signs should 
be present on recovery. A short period of unconsciousness, 
which would not allow time for other causes to occur, 
mught also be regarded as evidence that direct laryngoscopy 
was the cause of SCI. Signs reflecting damage to the 
autonomic nervous system, such as hypotension, brady- 
cardia and dysrhythmias, which are seen in animal 
models,” 39 might be observed after a laryngoscopy that 
has caused SCL However, autonomic disturbances are not 
seen in all myelopathic victims of cervical trauma,*! so the 
absence of these signs cannot exclude the diagnosis. The 
nature of the laryngoscopy must also be considered relevant. 
It seems probable that an easy laryngoscopy with minimal 
forces applied, is less dangerous than a difficult one. 
Disease or instability at the cranio-cervical junction, or 
gross instability below C3, could also be considered a risk 
factor. Features tending to add weight to the diagnosis of 
laryngoscopy-induced SCI could, therefore, include: (i) a 
myelopathy present on recovery; (ii) a short period of 
unconsciousness; (iii) autonomic disturbances following 
laryngoscopy; (iv) difficult laryngoscopy; and (v) cranio- 
cervical junction disease, or gross instability below C3 (see 
Table 1). The case reports alleging that SCI resulted from 
direct laryngoscopy can now be described, and examined 
for convincing evidence. 

Farmer and colleagues? reported a series of patients 
whose neurological condition had deteriorated after an 
initial injury. They stated that four cases had deteriorated 
after intubation, but so little information was supplied that 
it is not possible to assess their report. Farmer and colleagues 
stated that, in some cases, the patients had deteriorated 
without any obvious cause. Presumably this phenomenon 
could coincide with a period of anaesthesia. Redi,? Yan and 
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Table 1 Features given in the text which appear in the referenced case reports 
(1=myelopathy on recovery; 2=short period of unconsciousness, 3=autonomic 
disturbances after laryngoscopy, 4=difficult laryngoscopy, 5=cramio-cervical 
Junction disease or gross instability below C3) *Time of onset not given, 
tcardiac arrest before intubation; NA, not applicable, NR, not reported 





Reference Feature 
1 2 3 4 5 

Farmer and colleagues NR NR NR NR NR 
Redi? no no no no yes 
Yan and Diggannt4 * no ë NR NR no 
Muckart, Bhagwanjee and 

van der Merwe? yes no no no mo 
Yaszemski and Shepler® NA NA t NR yes 
Hastings and Kelley’ yes yes yes yes no 


Diggan*, and Muckart, Bhagwanjee and van der Merwe? 
stated in the titles of their articles that cord damage was a 
result of intubation. Redl reported the case of a young man 
suffering from spondyloepiphyseal dysplasia congenita, who 
had a severe cranio-cervical abnormality, which was not 
diagnosed pre-operatively.* The patient was intubated easily 
for an orthopaedic procedure on the lower limbs. The 
patient had no abnormality on recovery but by the first 
postoperative day had developed a spastic tetraparesis. The 
patient described by Yan and Diggan* required intubation 
for AIDS pneumonia, had a normal cervical spine and had 
neurological abnormalities before intubation. No details of 
the intubation or intensive care sequence were given, and 
the patient was found later to have a myelopathy of the 
central cord syndrome type. An MRI scan was said to show 
changes consistent with cord contusion, at an unstated level. 
Muckart, Bhagwanjee and van der Merwe described two 
patients with undiagnosed cervical fractures, who had sur- 
gery for other injuries.? The cervical injuries were not 
discovered pre-opératively, so we presume that no particular 
attention was given to the alignment of these patient’s heads 
and necks during the operations. Yaszemski and Shepler 
did not state in the title of their report that direct laryngos- 
copy had caused an SCI, but in the discussion they did 
suggest that it had been the cause. Their patient was 
suffering from rheumatoid arthritis and had reducible 
atlanto-axial subluxation. A general anaesthetic was admin- 
istered for hand surgery. Awake fibreoptic intubation was 
performed and surgery, anaesthesia and recovery were 
uneventful. Ten hours after the operation, the patient suffered 
cardiac arrest and had an emergency intubation for cardiop- 
ulmonary resuscitation (CPR). Resuscitation was only tem- 
porarily successful. A post-mortem examination showed 
damage to the upper cervical cord and lower medulla. No 
details of the emergency intubation were provided. Hastings 
and Kelley’? were careful not to claim that the cervical 
myelopathy, which was found to be present after a failed 
intubation and cricothyrotomy, was a result of direct laryn- 
goscopy. Their patient had developed airway obstruction 
because of a cervical haematoma, but also had congenital 
spinal stenosis, osteophytes from C3 to C7, and undiagnosed 


fractures of the facet joint and lamina of C6-C7. A complex 
myelopathy was found to be present after resuscitation. The 
suspicious features in these case reports alleging direct 
laryngoscopy-induced SCI are summarized in Table 1. 

In the case described by Redl,? myelopathy was not 
present until several hours after recovery, so the author’s 
opinion that it was caused by laryngoscopy is difficult to 
understand. The opinion of Yan and Diggan‘* that the SCI 
was a result of laryngoscopy seems to have been based 
on an MRI scan report of ‘contusion’ of the cord. Our 
neuroradiological advice is that the MRI signs of contusion 
are not specific, and the changes could equally have resulted 
from ischaemia (Stevens JM, personal communication, June 
1999). It is not unlikely that the patient had circulatory 
instability during intensive care admission. The only evid- 
ence to support the allegation that cord damage was caused 
by laryngoscopy in the cases described by Muckart, 
Bhagwanjee and van der Merwe? is that signs of SCI were 
present when the patients awoke, which is evidence of 
association rather than causation. It is possible that the 
alignment of these patients’ heads and necks was less than 
optimal throughout anaesthesia. The case presented by 
Yaszemski and Shepler’ is interesting. It is certainly possible 
that an SCI occurred during direct laryngoscopy, but it is 
also possible that the damage occurred during CPR, when 
movement of the head and neck is often quite violent. 
Sudden death is an uncommon, but well described phenom- 
enon in patients with atlanto-axial instability, so it is also 
possible that the cord damage was the cause rather than the 
result of the patient’s cardiac arrest and CPR.*? No sign of 
a cardiac infarct was found at autopsy. The pathological 
data presented did not indicate when the cord damage had 
occurred, beyond saying that the changes must have been 
ante mortem. In the case described by Hastings and Kelley,’ 
there are factors other than the immediate presence of 
myelopathy to support the diagnosis of laryngoscopy- 
induced cord damage (hypotension at laryngoscopy and 
difficulty with laryngoscopy). However, the hypotension 
may already have been present, and the laryngoscopy failed, 
necessitating a cricothyrotomy, which might have called for 
extreme neck extension. Nevertheless, Hastings and Kelley’s 
report is the most convincing, although the authors them- 
selves stated that it was not possible to explain the neurolo- 
gical findings in their patient on the basis of laryngoscopy- 
induced damage alone. It would be foolish to deny the 
possibility that direct laryngoscopy was the cause of some 
of the neurological damage, but the severe hypoxaemia, 
acidosis and hypotension that resulted from the airway 
obstruction are confounding factors, and the greatest degree 
of spinal deformation was likely to have occurred during 
the cricothyrotomy. With the possible exception of Hastings 
and Kelley’s case, the balance of probabilities suggests that 
direct laryngoscopy was unlikely to have been the cause of 
the myelopathies reported. 

It cannot be denied that SCI caused by intubation may 
have occurred and yet remained unpublished or simply 
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unrecognized, although it is noteworthy that neither of the 
UK medical defence organizations has settled a claim for 
this type of accident. However, we do not seek to downgrade 
the care which must be taken with direct laryngoscopy in 
patients with cervical disease. Current recommendations 
concerning manual stabilization and the use of minimal 
force at laryngoscopy are a priori sensible steps to take. 
Difficult direct laryngoscopy has a definite associated mor- 
tality;3 flexible fibreoptic technology should be preferred 
if laryngoscopy 1s or might be difficult.!° Pre-operative 
neurological findings, and any precautions taken should be 
recorded. A record of adequate care at laryngoscopy could 
be pertinent to later medico-legal proceedings. More import- 
ant still is to widen the area of concern to include the whole 
of anaesthesia and the postoperative period. The overriding 
aim must be to maintain adequate spinal cord blood flow 
(SCBF). 

The regulation of SCBF is believed to be similar to that 
of cerebral blood flow. SCBF may become inadequate if 
arterial pressure is low, because autoregulation of blood 
flow in damaged cords may be absent.”? Spinal cord 
perfusion should be optimized by preventing hypotension, 
and some workers feel that an element of induced hyperten- 
sion is beneficial.” Conversely, there is also evidence that 
hypertension may cause increased oedema and haemorrhage 
in damaged cords,” so induced hypertension should be 
carefully controlled. Perfusion pressure may also be inade- 
quate because the pressure inside the spinal canal or dural 
sac is high. CSF drainage has been used to promote adequate 
SCBF in vascular surgery, but its potential benefits in 
spinal surgery have not been established. Taking care to 
maintain favourable spinal posture during anaesthesia is 
clearly important, but it must be admitted that this can be 
largely guesswork. Deem and colleagues’ report” demon- 
strates that even the patient may be wrong about whether a 
position will be tolerable for an extended period. Monitoring 
SEP is presently the most practicable way of demonstrating 
adequate cord perfusion during general anaesthesia. May, 
Jones and Crockard have used SEP monitoring to identify 
some risk factors associated with neurological deterioration 
during surgery on the cervical spine:” (i) poor pre-operative 
neurological function (one third of severely myelopathic 
patients deteriorated); (ii) use of instrumentation (the risk 
doubled in pre-operatively unimpaired patients); (ii) upper 
cervical and clival surgery (the risk tripled); (iv) multiseg- 
mental surgery (the risk increased with each additional 
level). There is, however, no good evidence that monitoring 
SEP makes any difference to outcome in patients with 
cervical disease, but the continuing presence of evoked 
potentials is at least enormously reassuring. It can be argued 
that the awake patient provides the best monitor of cord 
function, and the use of local anaesthesia and sedation for 
cervical surgery may be more practical than is generally 
supposed,>” although sedation can make the patient’s neuro- 
logical status difficult to interpret.” It is probably true that 
more use could be made of local anaesthesia and sedation, 


but successful cervical surgery in awake patients will 
require considerable commitment from both the surgeon 
and the patient. 

Rosen and Wolfe’s legend almost certainly remains a 
legend, so careful direct laryngoscopy should continue to 
be an acceptable procedure in patients with unstable cervical 
spines.” However, there can be no doubt that patients with 
cervical spine disease are at risk of SCI during anaesthesia. 
Furthermore, it seems that this risk is still present despite 
ideal anaesthetic care.5 >> The evidence suggests that spinal 
cord perfusion can become inadequate during prolonged 
periods of immobility, probably as a result of minor degrees 
of malpositioning.2>2’ SEP monitoring of cord function is 
extremely desirable during high-risk cases, and may help 
to ensure that the combination of position, blood pressure, 
cervical pathology, surgery and length of surgery is tolerable. 


A. D. M. McLeod 

I. Calder 

Department of Neuroanaesthesia 

The National Hospital for Neurology and Neurosurgery 
Queen Square 

London WCIN 3BG 

UK 
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Editorial H 
The effects of regional analgesia on the progress of labour and delivery 


Despite an increasing amount of evidence to the contrary, 
there 1s still a widespread belief amongst many healthcare 
professionals that regional analgesia prolongs labour and 
increases the number of obstetric interventions. With the 
introduction of epidural analgesia some 30 years ago came 
concerns regarding an increased need for instrumental 
delivery. More recently, the focus of attention has switched 
to a possible association with Caesarean section, primarily 
that required for dystocia. Although an association between 


the use of analgesia and labour outcome exists, a number 
of recent publications have demonstrated that this relation- 
ship is not causative. When examining the effects of regional 
analgesia on the progress of labour and delivery, study 
design 1s crucial, and none of those methods that have 
been employed is without problems. Retrospective analysis, 
although frequently cited, is almost worthless, as women 
do not choose analgesia at random. Consequently, those 
experiencing prolonged difficult labour, with increased 
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risk of intervention, are more likely to request effective 
analgesia, which only regional block can provide. Moreover, 
regional block is recommended for those women in whom 
operative or instrumental delivery is thought to be likely, 
so that procedures may be performed with adequate pain 
relief and the hazards of general anaesthesia avoided. 
Therefore it is to be expected that, with appropriate use of 
resources, retrospective analysis should indeed find high 
intervention rates in those women receiving regional 
analgesia. 

Although prospective randomized studies have long been 
considered the gold standard for scientific research, it is 
disappointing that so few workers have compared regional 
with systemic analgesia in labour in this way. In 1993, 
Thorp and colleagues reported prolonged first and second 
stages of labour, increased oxytocin requirements and a 
12-fold increase in the number of Caesarean sections 
required for dystocia amongst women randomized to receive 
epidural analgesia.! These findings gained widespread 
coverage in both the medical and the lay press, although 
sadly the many criticisms of the study did not. If nothing 
else, these results encouraged others to conduct randomized 
studies comparing regional with systemic analgesia, but to 
date none has managed to reproduce the findings of Thorp’s 
group.” 6 This inconsistency may result from the major flaw 
of such randomized work, namely that it is impossible to 
blind observers to the method of pain relief employed, 
introducing a potential source of bias. 

A meta-analysis’ based on randomized work found that 
epidural analgesia was associated with longer first and 
second stages of labour, although the increases were modest: 
42 and 14 min respectively. Instrumental delivery was more 
common in those receiving epidural analgesia (odds ratio 
2.19; 95% confidence interval 1.32-7.78), although Caesa- 
rean section was not (odds ratio 1.5; 95% confidence 
interval 0.81-2.76). The most significant finding of this 
meta-analysis was the superiority of regional over systemic 
analgesia. For those of us working in the UK, the fact that 
all but one of the studies included in this analysis was from 
North America should not be overlooked. Extrapolation to 
UK practice may not be entirely appropriate. 

In this issue of the British Journal of Anaesthesia, 
Loughnan and colleagues present the results of another 
large randomized study comparing epidural analgesia with 
im. pethidine.’ Their finding that the use of regional 
analgesia was not associated with increases in either instru- 
mental or operative deliveries is reassuring. Although not 
the first randomized study from the UK, it is arguably the 
best to date. The authors are to be congratulated for 
recruiting over 800 nulliparous women into this most 
difficult of studies. Previous work has been marred by 
large numbers of women violating the protocol, especially 
amongst those randomized to receive systemic narcotics. 
The current study ıs thus strengthened by the use of 
intention-to-treat analysis. The uniform management of 
labour is also to be commended. Other aspects of the study 


are, however, worthy of comment. All women were offered 
Entonox and when further analgesia was requested 
randomization was to either im. pethidine or epidural 
bupivacaine. The implication here is that pethidine is a 
more potent analgesic than Entonox, although the reverse 
is probably closer to the truth.? The choice of a plain 
0.125% bupivacaine epidural infusion was reasonable at 
the time the study was conducted, although many obstetric 
anaesthetists would now prefer to use a more dilute solu- 
tion.!© Contemporaneous data on the quality of analgesia is 
not presented, the authors relying on less accurate postnatal 
assessment. As it appears that the epidural infusions were 
discontinued at full dilatation, it would have been interesting 
to record the quality of second-stage analgesia. Assessment 
of labour and delivery outcomes should not ignore the 
possible adverse effects on the baby. It is therefore disap- 
pointing thet only Apgar scores and birth weight are 
presented. It may be viewed as a missed opportunity that 
useful data on umbilical cord acid-base status and infant 
neurobehavioural scoring were not collected. 

The potential for observer bias cannot be eliminated in 
randomized work, and an alternative method of examining 
the effect of analgesia on labour outcome is by impact 
studies. Here, the effects of introducing or increasing an 
epidural service in an individual unit are assessed. Several 
authors have reported that, despite dramatic increases in 
the number of women receiving regional analgesia, the 
number of spontaneous deliveries has not fallen. Critics 
of such methods disapprove of the use of historic controls 
as this does not take into account changes in clinical 
practice. However, it may be that such changes are necessary 
to prevent changes in outcome. Indeed in one centre, the 
years immediately following an increase in the number of 
women receiving epidural analgesia saw a rise in the number 
of instrumental deliveries, only for this figure to return to 
normal when those managing labour became more familiar 
with the technique.!! 

Aspects of both obstetric and anaesthetic management 
need to be addressed when searching for the best way 
to care for women choosing regional analgesia. Active 
management of labour, devised in Dublin in the 1960s, 
comprises antenatal education, strict criteria for diagnosing 
labour, early amniotomy, psychological support in labour 
and, where necessary, high-dose oxytocin. !* Unfortunately, 
not all studies comparing active with more conventional 
Management have found significant improvements in 
outcome!* and none have attempted to randomize epidural 
with systemic analgesia. The use of oxytocin in the second 
stage of labour has, however, been demonstrated to improve 
outcome in nulliparous women receiving epidural 
analgesia.!® By blocking sacral afferent pathways, regional 
analgesia may prevent endogenous oxytocin release. 
Oxytocin infusion resulted in a shorter second stage and 
fewer non-rotational forceps deliveries. 

Encouraging women to ambulate during labour has been 
reported by some to shorten labour, reduce analgesia require- 
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ments and decrease instrumental delivery. These findings 
have not been confirmed by all authors, although at the 
very least mobilizing would appear to do no harm. As 
with active management, the effects of analgesia have been 
largely overlooked. This is almost certainly because until 
recently ambulation has not been encouraged in those 
receiving regional block. This issue has now been addressed 
by Collis and colleagues, who randomized 229 nulliparous 
women receiving combined spinal-epidural analgesia to 
remain in bed or to mobilize.!® No differences in the 
duration of labour or delivery outcome were observed. 

Appropriate management of the second stage of labour 
in women receiving epidural analgesia is vitally important 
in securing spontaneous delivery. Where regional block is 
not used, the first sign of the second stage is usually an 
overwhelming urge to bear down. However, amongst women 
receiving regional block, full cervical dilatation may be 
diagnosed on routine vaginal examination, when the fetal 
head may still be high and there is no desire to push. 
To start active pushing at this stage increases metabolic 
disturbance and often leads to maternal exhaustion before 
spontaneous delivery is achieved. Thus, provided there is 
no evidence of fetal compromise, a delay in active pushing 
for 1 h has been shown to increase the chance of spontaneous 
delivery without adverse effect on the baby.!° 2° With 
improved fetal monitoring, a more liberal attitude to the 
duration of pushing has emerged. Provided the mother 
remains pain-free and well hydrated, the heart-rate pattern 
of the fetus is reassuring and if there is continued descent, 
a prolonged second stage is now defined by the American 
College of Obstetricians and Gynecologists as that greater 
than 3 h in nullipara and 2 h in multipara. In trying to 
achieve spontaneous delivery, the risk of maternal neurolo- 
gical, bladder and bowel complications should not be 
overlooked, although these must be viewed against the 
adverse effects of instrumentation. Where obstetric interven- 
tion is considered, there must be a definite indication. Fetal 
compromise suggested by a non-reassuring heart trace 
should be confirmed by blood gas analysis and failure 
to progress diagnosed only in the presence of adequate 
contractions, 

Although these measures may be viewed as relatively 
straightforward, it is disappointing that the incidence of 
obstetric intervention varies widely even withm units. In 
one North American study, the number of Caesarean sections 
in one unit varied between individual obstetricians, with 
rates ranging from 9.6 to 31.8%.”! Similarly, a three-fold 
increase in the number of Caesarean sections has been 
found amongst private patients compared with those women 
managed by obstetric resident staff.” These variations 
existed despite similar rates of regional analgesia. 

Although labour management is important, obstetric 
anaesthetists should not be complacent regarding their own 
influence on labour outcome. It has frequently been pointed 
out, although regrettably not often recognized, that regional 
analgesia is not a generic procedure. Fluid preloading is still 


widely practised despite evidence that it may temporarily 
decrease uterine activity.“ Before siting a block, it makes 
More sense to assess each woman’s fluid needs on an 
individual basis rather than to routinely infuse a large 
volume of fluid. Reducing local anaesthetic dose is beneficial 
in terms of outcome. Fortunately, most obstetric anaesthet- 
ists have moved away from repeated boluses of 0.5% 
bupivacaine, as compared with 0.25%, as its use 1s associated 
with profound motor block and increased intervention.”* The 
addition of opioids allows further reduction in bupivacaine 
concentration. Similarly, comparisons of 0.25% bupivacaine 
with 0.125% or less combined with opioids have shown a 
reduction in instrumental deliveries.” 26 However, the use 
of these dilute solutions may reduce the quality of second- 
Stage analgesia. 

New approaches to the management of regional analgesia 
in labour have been introduced but none has consistently 
been shown to result in more spontaneous deliveries. 
Comparisons of intermittent top-ups, infusions and patient- 
controlled epidural analgesia have found little difference in 
outcome.” Combined spinal—epidural analgesia produces 
analgesia of rapid onset with little or no demonstrable 
motor block, but does not appear to increase the number of 
spontaneous deliveries when compared with more traditional 
epidural regimens.”* 2 

As with obstetric management, the conduct of regional 
analgesia during the second stage is vital if intervention is 
to be avoided. When using intermittent top-ups, allowing 
analgesia to wear off increases maternal distress without 
improving outcome, and is therefore to be discouraged. 
With a continuous infusion the picture is less clear, as 
providing effective analgesia throughout the second stage 
may not be possible without increasing the risk of instru- 
mental delivery. However, simply discontinuing an infu- 
sion may not be appropriate. When the second stage is 
diagnosed, the upper and lower limits of the block, the 
quality of analgesia and the urge to bear down should be 
checked. If the block extends only to T10 and there is no 
urge to push, stopping the infusion may result in the return 
of abdominal pain without the desire to bear down, and is 
to be avoided. If, however, the block is above T10, a 
reduction in rate is probably indicated. Should pain develop 
during the second stage and delivery is not imminent, a 
top-up should be given and the infusion discontinued. 

Although increased intervention is often observed 
amongst women choosing regional analgesia in labour, this 
does not imply a cause-and-effect relationship, merely the 
appropriate use of effective pain relief. Indeed, there is now 
an increasing number of randomized and impact studies 
that have failed to demonstrate that regional blocks cause 
significantly more instrumental and operative deliveries. 
However, these findings have yet to be universally accepted. 
Perhaps the time has now come to look at the problem in 
a different way and to ask why labour is prolonged and 
spontaneous delivery less likely in some units than in others. 
The realization that labour with regional analgesia is not 
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the same as that without and that management must be 
modified will hopefully result in improvements in outcome. 


R. 


Russell 


Nuffield Department of Anaesthetics 
John Radcliffe Hospital 

Oxford OX3 9DU 

UK 
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Sedation of children by non-anaesthetists 


The increasing availability of relatively non-invasive and 
painless diagnostic procedures such as magnetic resonance 
imaging (MRI) raises particular problems in paediatric 
practice. In many institutions manpower restraints prohibit 
the use of general anaesthesia for all children requiring 
these procedures. Although older children will often tolerate 
them without difficulty and some babies will sleep peace- 
fully enough for the procedure to be carried out after a 
feed, there remains a significant number of children who 
require sedation if they are to lie quietly enough for 
satisfactory images to be obtained. 

In the 1970s and 1980s it was not uncommon in some 
institutions for children to be deeply sedated for cardiac 
catheterization and similar procedures using potent com- 
binations of drugs such as pethidine, promethazine and 
chlorpromazine. The practice was seldom audited carefully 
and its safety would nowadays be called into question 
by many anaesthetists. The difficulty of preventing deep 
sedation crossing the border into general anaesthesia, with 
all its consequent risks, has been recognized for several 
years, as have also the implications of the use of such 
techniques by non-anaesthetists. In adults, following con- 
cerns about sedation in the dental chair, Wylie introduced 
the concept of ‘conscious sedation’, in which verbal com- 
munication is maintained with the patient whilst sedation 
is provided using drugs that have a margin of safety 
which makes unconsciousness with loss of airway reflexes 
unlikelv.! The concept of conscious sedation was developed 
further in 1992 by a Joint Working Party of the Royal 
College of Anaesthetists and the Royal College of Radiolo- 
gists. In their report on sedation and anaesthesia in radiology, 
they reject the concept of the state of deep sedation because 
of the obvious difficulties of monitoring and preventing 
the onset of anaesthesia? Unfortunately, this concept of 
conscious sedation has limited, if any, application in young 
children, at least during MRI scanning. Undisturbed sleep 
is required in order to ensure that the child remains quiet 
and still during the scanning procedure. The American 
Academy of Pediatrics (AAP) has suggested a defined state 
of deep sedation as ‘a medically controlled state of depressed 
consciousness or unconsciousness from which the patient 
is not easily roused. It may be accompanied by a partial or 
complete loss of protective reflexes and includes the inability 
to maintain a patent airway independently and respond 
purposefully to physical stimuli’.? Most UK anaesthetists 
would argue that the only people who could induce and 
moniter such a state of deep sedation safely are anaesthetists, 
and many would feel that if anaesthetists are to be present 
throughout these procedures they are more efficiently 
employed administering general anaesthesia than super- 


vising deep sedation, which is at best time-consuming and 
at worst unreliable. 

In this issue, Malviya and colleagues present the results 
of a prospective audit of 922 children receiving sedation 
for MRI or CT scan compared with 140 children receiving 
general anaesthesia for these procedures.’ Their data provide 
striking evidence both of the potential risks and of the 
unreliability of their sedation technique. The reported incid- 
ence of hypoxaemia, defined as a decrease in oxygen 
saturation from baseline level by 10% or more for periods 
in excess of 30 s, is surprisingly high (2.9% in the sedated 
children), and in a previous publication the same authors 
report a 20% complication rate, which most of us would 
find unacceptable.* Their 16% incidence of inadequate scans 
and failed sedation rate of 7% are, however, broadly in 
line with some other reported series. Failed sedation is 
particularly distressing, both for the patient’s family and 
for the staff involved, and also has cost implications since 
the children have to be rescheduled for either repeat sedation 
or general anaesthesia on a subsequent occasion. Malviya 
and colleagues conclude that their data support the need 
for careful selection of appropriate patients for sedation, 
recognizing that general anaesthesia is a safe alternative in 
those who fail the selection process. In their study, however, 
the appropriateness of sedation was reviewed by nurses and 
radiologists in relation to the child’s underlying medical 
history and physical examination. This suggests that, 1f they 
are to improve their results, they need to give further 
thought to the training of those undertaking the selection 
process. The fact that sedative agents were ordered at the 
discretion of the child’s primary physician introduces an 
unquantifiable degree of variability into the process despite 
the fact that institutional guidelines based on the AAP 
recommendations were followed.® 

In our experience of MRI sedation it is necessary to 
review all aspects of the service if improvements in both 
safety and reliability are to achieved. This requires the 
establishment of a multidisciplinary team involving anaes- 
thetists, radiologists, radiographers, paediatricians and 
nurses. Any review needs to cover not only the selection 
of patients but also the drugs used and the methods used 
for drug administration and the monitoring and recovery of 
the patients. Other fundamental issues include the training 
and continuing education of staff, regular auditing and the 
updating of resuscitation skills and the logistics of the 
whole process. A recently published series from Manchester 
Children’s Hospital showed that significant respiratory 
depression can occur after oral sedation with chloral hydrate 
alone if high enough doses are given.” Administration of 
sedation in a ward with the inevitable errors in timing and 
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subsequent delays in transport are bound to lead to a higher 
failure rate than when the drugs are administered within or 
adjacent to the scan. A review of the roles and responsibilit- 
ies of all members of the team may enable an extended 
role to be taken by some staff, such as nurses, whilst reducing 
or even eliminating the need for immediate anaesthetic 
supervision. Using this radical approach, it is possible to 
reduce the failed sedation rate below 5% and to virtually 
eliminate hypoxaemia and other serious complications. We 
reported our own results in 1302 children earlier this year;® 
we have now used this approach in over 3000 children 
without serious complications. 

Sedation techniques which work satisfactorily for painless 
procedures such as MRI are not necessarily applicable to 
other procedures, especially painful ones such as lumbar 
puncture or bone marrow aspiration. Although other drugs, 
such as ketamine, have been used with remarkable safety, 
most of us would only support the use by non-anaesthetists 
of drugs with a margin of safety wide enough to render the 
loss of airway reflexes unlikely. 


D. J. Hatch 

M. R. J. Sury 

Portex Department of Paediatric Anaesthesia 
Institute of Child Health 

30 Guilford Street 


London WCIN 1EH, UK 

Department of Anaesthesia 

Great Ormond Street Hospital for Children NHS Trust 
London WCIN 3JH, UK 
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pethidine for analgesia in labourt 


B. A. Loughnan!*, F. Carli?, M. Romney!, C. J. Doré? and H. Gordon! 


'Departments of Anaesthesia and Obstetrics and Gynaecology, Northwick Park Hospital, Watford Road, 
Harrow, Middlesex HAI 3UJ, UK. *Department of Anesthesia, McGill University, 681 Pine Avenue West, 
Montreal, Canada H3A 1A1. *Department of Medical Statistics and Evaluation, 

Imperial College School of Medicine, Hammersmith Hospital, London, UK 


*Corresponding author 


We compared the incidence of Caesarean delivery in nulliparous women randomized to receive 
epidural analgesia with those randomized to intramuscular (i.m.) pethidine. On admission to 
the delivery suite in established labour, 802 nulliparae had already agreed to be randomized 
with respect to their first analgesia, One hundred and eighty-eight women required either no 
analgesia or 50% nitrous oxide in oxygen (Entonox) only. Of the remaining 614 women, 310 
were randomly allocated to receive i.m. pethidine up to 300 mg and 304 to receive epidural 
bupivacaine. Labour management was standardized according to the criteria for active 
management of labour. The intentlon-to-treat analysis showed similar Caesarean section rates 
in those randomized to epidural (12%) or pethidine analgesia (13%). The difference in Caesarean 
rate was —1.1% with 95% confidence intervals from -6.3% to +4.1%. The normal vaginal 
delivery rates were similar (epidural, 59%; pethidine, 61%). 
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Epidural analgesia for pain relief in labour is a well- 
established technique but certain American researchers have 
suggested a causative link with an increased Caesarean 
section rate.! In a systematic review of all randomized 
studies published in the previous 25 years, Howell and 
Chalmers” expressed concern that fewer than 600 women 
had been studied in total. In the majority of studies, not ail 
women. randomized were included in the reported results 
and an intention-to-treat (ITT) analysis was not used. 
Furthermore, labour was not standardized and the mothers 
studied were of mixed parity. A more recent meta-analysis 
by Halpern and colleagues’ of randomized studies found 
that epidural analgesia was not associated with an increase 
in Caesarean section rate. 

Our study is a randomized controlled trial of nulliparous 
women, comparing epidural analgesia with pethidine against 
the background of labour standardized to the active manage- 
ment protocol.** In this study we test the hypothesis that 
epidural analgesia does not in itself increase the Caesarean 
section rate provided that labour is actively managed and 
standardized. 


Methods 


Our maternity unit delivers approximately 3500 women 
annually and serves a multiracial population with a bias 
towards social classes 1 and 2. Social class is defined 
according to the Registrar General’s criteria? where social 
class 1 is professional, class 2 is managerial and class 5 1s 
manual unskilled workers. Our bias to social classes 1 and 
2 reflects a more affluent population than for the UK overall 

The study received Local Research Ethics Committee 
approval. The research midwife responsible for the study 
approached all nulliparae with a singleton fetus at 28-30 
weeks’ gestation, provided written and verbal information 
about the study and recorded whether the woman would be 
willing to consider participation. After interview, only those 
mothers who were not committed to a particular form of 
analgesia and were happy to be randomized to a type of 
analgesia were included. At this stage written consent was 
obtained. We excluded mothers with any factors in their 
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obstetric or medical history which would determine the 
method of analgesia. We only recruited mothers with no 
systemic disease, an uncomplicated pregnancy with a normal 
singleton fetus of cephalic presentation and no evidence of 
cephalopelvic disproportion. 

At recruitment, the mother was allocated a study number, 
and a sealed opaque envelope containing details of her 
randomized treatment was stapled to her notes. Randomiz- 
ation was generated on an individual basis by computerized 
random number allocation. The first woman recruited gave 
birth on December 23, 1992 and the last women recruited 
gave birth on October 28, 1995. 

On admission to the labour ward, all women were 
assessed and judged to be in labour according to the active 
management of labour protocol.** Onset of labour is strictly 
defined as presence of regular painful uterine contractions 
together with at least one of; a mucoid or bloody show, 
cervical dilation of >2 cm, or spontaneous rupture of 
membranes. Mothers were initially offered Entonox for 
analgesia; if additional analgesia was requested, and if the 
woman was still willing to participate in the study, the 
envelope stating which analgesic was to be administered 
was opened, and she was given either im. pethidine 
or epidural bupivacaine according to the randomuzation. 
Randomization was considered to occur when the envelope 
stapled to the notes describing the randomized treatment 
was opened. For ethical reasons, the mothers were told that 
they could opt out at any stage and only the first type of 
additional analgesia was randomized. 

Mothers randomized to pethidine analgesia could receive 
up to 300 mg by repeated 100 mg i.m. injections up to 
every 2 h. Mothers randomized to epidural had a lumbar 
epidural inserted and an initial dose of 0.25% bupivacaine 
10-15 ml was administered to establish adequate analgesia. 
Thereafter, the women in the epidural group received an 
infusion of 0.125% bupivacaine at 10-15 ml h! until the 
second stage. If required, lidocaine 2% was administered 
for instrumental or Caesarean delivery. 

Labour was managed according to a protocol for active 
management of labour used on a routine basis by the 
midwifery staff. This has been in use at our hospital since 
1984 and ıs known to reduce the incidence of labour 
exceeding 12 h. In the active management of labour, 
mothers are examined every 2 h and a partogram is plotted; 
the aim is to produce a rate of cervical dilation of 1 cm h. 
When the rate of dilation falls below this, oxytocin in a 
concéntration of 10 i.u. litre! is started at a rate of 4 m.u. 


* min”! increased in 15 min increments to a maximum of 


ry 


a 


40 m.u. min” and titrated to allow no more than seven 
contractions every 15 min. The decision to continue to 
Caesarean gection or other intervention was made by the 
midwifery, and medical staff on the labour ward who were 


-not inydived in the study, 


Maternal variables recorded included age, final weight, 
height, marital status and social class (according to the 
Registrar General’s criteria). Obstetric variables included 


whether labour was induced (with prostaglandin), and 
whether labour was augmented with oxytocin adminis- 
tration. 

Outcomes measured included the duration of the first and 
second stages of labour, time from first treatment to full 
dilation and mode of delivery. The duration of epidural 
analgesia was noted, as was the cervical dilation at the time 
of analgesiz request. Fetal outcomes included infant weight 
and Apgar score. 

Mothers were visited in the maternity ward 24 h after 
delivery and asked to assess their analgesia in the first and 
second stages of labour and overall on a five-point scale as 
excellent, good, satisfactory, poor or very poor. 

A prospective sample size calculation was performed. 
The Caesarean section rates in our hospital in 1988 were 
7.8% for women receiving epidural analgesia and 3.8% for 
those receiving non-epidural analgesia. A total sample size 
of 1168 women would be sufficient to detect this difference 
as significant at the 5% significance level with a power of 
80%. The original intention of the study was to run over a 
3 yr period with recruitment of 1168 patients based on the 
1988 Caesarean section figures at Northwick Park Hospital. 
However, the baseline Caesarean section rate was higher 
than anticipated (17.9% for epidural patients and 6.7% for 
non-epidural patients), and there was a clear indication that 
the analgesia provided in the pethidine arm of the study 
was inadequate, which led to a higher percentage of protocol 
violations. A revised power calculation based on these 
values has shown that two groups each with 271 patients 
would give the study a power of 90% at a significance 
level of P<0.01. 

Statistical analysis was initially performed on an ITT 
basis to compare the two groups as randomized using 
Fisher’s exact test, chi-squared test, Mann-Whitney U test 
and Student's t-test as appropriate. Statistical analysis was 
performed using Stata v.6 on a PC with a Windows 95 
operating system. 


Results 


Eight hundred and two patients were recruited into the 
study on going into labour. The outcome of these patients 
is shown in Figure 1. One hundred and eighty-eight mothers 
required either no analgesia or required only Entonox and 
did not proceed to randomization. Of the remaining patients, 
304 mothers were randomized to receive an epidural and 
310 to receive pethidine. All these 614 patients have been 
included in the analysis on an ITT basis (Table 1). In both 
groups there were patients who opted out of their treatment 
allocation or who required additional analgesia or received 
Entonox alone. 

The two randomized groups were not significantly differ- 
ent in terms of maternal age, weight, height, the proportion 
of married women and their ethnic group or social class. 
The proportion of women whose labour was induced was 
similar in the two groups. There was no significant difference 
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802 Mothers recrurted 


Not randomized 


Recruited 
802 


Randomized 


Requested further 
analgesia 


614 


Randomized 
to epidural 
304 


Accepted Opted out 
235 68 


Pethidine 
57 


Randomized 

to Pethidine 
310 

Accepted Opted out 
213 97 


Pethidine 
5 


Pathichne | | Pethidine Pethidine | | Pethidine Pethicine | | Pethidine 
Entonox | | Epidural | | Epidural alone + epidural | | Entonox alone + epidural} | Epidural alone + epidural 
188 235 9 44 13 3 128 85 89 4 1 


Fig 1 The analgesia outcome for all mothers recraited to the study 


Table 1 Intention-to-treat analysis comparing all randomized women Summary 
statistics are mean (SD or range) for variables analysed by t-test, median 
(interquartile range) for variables analysed by Mann-Whitney U-test and 
frequencies (%) for variables analysed by Fisher’s exact test or chi-sqared test 


Variable Epidural Pethidine P value 
(n=304). (a =310) 

Treatment received 

Epidural 244 (80%) 89 (29%) 

Pethidine 44 (14%) 132 (43%) 

Pethidine and epidural 13 (4%) 86 (28%) 

Entonox 3 (1%) 3 1%) 
Age, yr 26.9 (14-42) 26.6 (15-39) 04 
Final weight, kg 74 (67-84) 75 (67-83) 0.6 
Height, cr 162.0 (6.4) 162.6 (6 5) 03 
Mared 212/303 (70%) 207/310 (67%) 0.4 
Caucasian 182/302 (60%) 186/307 (61%) 1.0 
Social class 1, 2 or 3 213/298 (71%) 235/301 (78%) 0.4 
Induced 89/299 (30%) 98/309 (32%) 0.7 
Duration of labour, h 

First stage 85 (6 3-11.3) 9.0 (6-11.8} 0.8 

Second stage 1.3 (0.7~2 2) 1.0 (06-22) 0.13 
Time from first treatment 

to full dilation, h 330 8-5.7) 3.2 (1.6-5.8) 05 
Duration cf epidural, h 55 (3 5-8.3) 57(34-83) 0.8 
Entonox 205/304 (67%) 231/308 (75%) 0.04 
Oxytocin 186/304 (61%) 175/308 (57%) 03 
Oxytocin duration, h 2.9 (1 5-5 6) 28045) 05 
Mode of delivery 

Normal vaginal 180/304 (59%) 189/310 (61%) 0.9 

Tnstramental/vaginal 88/304 (29%) 81/310 (26%) 

Caesarean 36/304 (12%) 40/310 (13%) 0.7 
Gestational age, weeks 40 (39-41) 40 39-41) 1.0 
Apgar 5 m <9 8/303 (3%) 9/309 (3%) 0.9 
Excellent or good pain relef 

In first stage 224/270 (83%) 153/275 (56%)  <0001 

In second stage 215/254 (85%) 1497232 (64%) <0O001 





between the groups in terms of oxytocin augmentation 
(Table 1). 


Women who were randomized to receive an epidural 


were significantly more likely (P<0.001) to grade their 
pain relief as good or excellent (83% first stage and 85% 
second stage) compared with those randomized to pethidine 
(56% first stage and 64% second stage). 

The mode of delivery based on the ITT analysis was 
similar in the two groups (Table 1). The Caesarean section 
rates were almost identical; there was a slight but insignific- 
ant decrease in the normal vaginal delivery rate in the 
epidural group (P=0.9). Overall, 5.4% of mothers had a 
Caesarean section for fetal distress (5.3% of the epidural 
group and 5.5% of the pethidine group) and 7% had a 
Caesarean section for dystocia (6.3% in the epidural group 
and 7.7% in the pethidine group). There was no difference 
between the groups. There were 22 admissions to the special 
care baby unit (12 in the epidural group and 10 in the 
pethidine group). 

Table 2 shows the efficacy of the various regimens based 
on analgesia received. A total of 226 mothers (48 in the 
epidural group and 178 in the pethidine group) received 
one dose of pethidine; 46 (eight in the epidural and 38 in 
the pethidine group) received two doses and only three (one 
in the epidural and two in the pethidine group) had three 
injections of pethidine. Mothers who were in the pethidine 
group but went on to receive an epidural were more oe 
to have smaller cervical dilation at first treatment;* cheer, 





first and second stages of labour. 


Discussion ‘ 
We have shown, in a prospective randomized controlled 
trial in nulliparous women using an ITT analysis, that 
epidural analgesia does not in itself increase the Caesarean 
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Table 2 Comparison of women who consented at the start of labour by 
treatment received Summary statistics are median (interquartile range) or 
frequencies (%) 


Variable Pethidine and Epidural Pethidine 
epidural (n=99) = (n = 333) (n=176) 
Randomized treatment 
Epidural 13 (13%) 244 (73%) 44 (25%) 
Pethidine 86 (87%) 89 (27%) 132 (75%) 
Not randomized 0 0 0 
Duration of labour, h 
First stage 107 (8 6-12 7) 92 (70-123) 6.8 (48-9.4) 
Second stage 17 (0 8-2.5) 16 (0.8-2 4) 0.8 (0 5-1.3) 
Dilation at first 
treatment, cm 3 (2-4) 4 3-5) 5 (4-7) 
Time from first treatment 
to full dilation, h 58 (40-8.1) 40 (23-6 2) 18 (10-3 0) 
Induced 30/97 (31%) 108/330 (33%) 47/175 (27%) 
Oxytocin 78799 (79%) 229/333 (69%) 53/174 (30%) 
Excellent or good pain relief 
In first stage 35/92 (38%) 253/300 (84%) 86/147 (59%) 
In second stage 42/59 (71%) 237/279 (85%) 83/144 (58%) 


section rate. This has been observed against a background 
of labour management that is standardized and actively 
managed. 

Our prospective power calculation was performed on the 
basis of Caesarean section rates in nulliparae in our unit in 
1988: 7.8% if they had epidural analgesia and 3.8% if they 
had non-epidural analgesia.’ The greater rates of Caesarean 
section seen in our study may reflect subsequent changes 
in practice. Although we had planned to recruit 1168 
patients, many women recruited at 30 weeks did not enter 
the study when in labour. Some mothers opted out later in 
pregnancy, some delivered elsewhere and some developed 
‘complications’ in the form of clear indications for Caesa- 
rean section or epidural analgesia and were therefore 
excluded. 

The major weakness of our study is the number of women 
who refused their randomized treatment. We had designed 
this study as a pragmatic clinical trial so that women would 
only be randomized when they required analgesia. Of the 
304 women randomized to epidural, 69 (23%) refused their 
treatment, whereas the refusal rate for the 310 mothers 
randomized to pethidine was 97 (31%). This could not be 
prevented, as an essential ethical requirement for the study 
allowed the mothers to opt out at any time. 

Non-randomized studies!® !! have shown an association 
between epidural analgesia and longer labours with an 
increased rate of instrumental or Caesarean deliveries, but 
this may not necessarily be causal. Our study confirms the 
findings of Halpern and colleagues.? In their meta-analysis 
of randomized studies, they found that epidural analgesia 
was not associated with an increase in Caesarean section 
rate. The findings of Sharma and colleagues,!* who used 
an ITT analysis, are essentially similar to our findings. 
They also had a high rate of protocol violations, although 
this was lower than our own. Their lower rate of protocol 
violations might be accounted for by the fact that they 


Table 3 Comparison of women ın whom the randomuzed treatment was 
accepted against those who opted out 








Variable Opted out of Epidural Pethidine 
study (n==166) 9 (#235) 9 (w= 213) 

Mode of delivery 

Normal 30% 57% 69% 

Assisted 53% 31% 22% 

Caesarean section 17% 12% 9% 
Excellent or good pain relef 

In first stage 66% 88% 50% 

In second stage 10% 88% 61% 
Additional analgesia required 8% 0% 40% 


studied multiparae as well as nulliparae. They also used 
patient-controlled analgesia (PCA) in an attempt to decrease 
patient crossover. A previous study by the same group’? 
had found a high protocol violation rate (only 35% of 
mothers accepted their randomized treatment) when only 
bolus i.v. pethidine was used for analgesia, with a higher 
acceptance of epidural analgesia in nulliparae. Protocol 
violation was decreased by a superior analgesic regime 
using PCA in the later study.!2 Use of a PCA regimen 
might have decreased the rate of protocol violation in this 
study; however, we wished to use a method in common 
practice in the UK. 

Neither of the studies by Sharma and colleagues!? 4 
restricted their investigation to nulliparae. This is a particular 
concern in the latter paper, '? as the rate of protocol violations 
was different between nulliparae and multiparae. In our 
study, we have only investigated nulliparae, as there is 
much less variability in labour in this group than in 
multiparae. Current practice is to begin by using a low dose 
local anaesthetic together with an opiate for analgesia during 
labour. However, at the time of starting our study, an 
infusion of 0.125% bupivacaine was standard practice and 
we had to continue with this regimen for the study period. 

Although we cannot draw any firm conclusions based on 
what the patients actually received, it is appropriate to 
examine our findings for possible trends to aid further study. 
Thus, if we compare the epidural group (235 patients) and 
the pethidine group (213 patients) with those who opted 
out of their randomized treatment (Fig. 1; n=166), we can 
examine the comparative adequacies of pain relief, the 
types of delivery and the need for additional analgesia (as 
extra therapy to their initial choice). This information is 
presented in Table 3. 

Statistical comparison of those patients receiving an 
epidural (n=235) or pethidine (n=213) and those either 
not proceeding to randomization or opting out from their 
allocated treatment (n=166) is not appropriate as it may 
be subject to considerable bias. There were, nevertheless, 
differences between groups in the adequacy of analgesia in 
the first and second stages of labour and in the rates of 
normal vaginal deliveries and assisted deliveries (Table 3). 
This would indicate the need for future studies to be based 
on intention to treat, because of the clear inadequacy of 
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analgesia in all groups other than those receiving epidural 
analgesia. 

This study confirms the findings of other investigators 
that epidural analgesia is a superior form of analgesia!* !5 
and, because of this, mothers are likely to opt for it. Women 
who request epidural analgesia can be reassured that it is 
not likely to decrease their opportunity to experience a 
normal vaginal delivery. Of considerable surprise, however, 
was the fact that a large number of these nulliparous women 
(24%) required only Entonox or no analgesia. 

In any study of the effect of epidural analgesia on the 
progress and outcome of labour, the obstetric management 
must be considered. An active management protocol is 
associated with a lower rate of Caesarean section for 
dystocia.!© 17 We follow the guidelines suggested by 
O’Driscoll and colleagues? and have shown in our own 
population that active management is associated with a 
lower incidence of Caesarean section in nulliparae.* 5 
The study by Sharma and colleagues!? used an active 
management protocol. A lack of clear guidelines to perform 
Caesarean section may introduce its own bias. However, 
the large numbers studied should help to obviate this. 

In summary, we have shown that, in a standardized 
actively managed labour, there is no increased incidence of 
Caesarean section associated with epidural analgesia. 
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In a prospective, randomized, double-blind study, 40 patients undergoing gynaecological 
oncology surgery received either 0.1% ropivacaine with fentanyl | ug mi! or 0.2% ropivacaine 
with fentanyl 2 ug mi-!, A PCEA pump was set to deliver rcpivacaine 8 mg with fentanyl 8 Lig 
with each successful demand and a lockout period of [5 min without background infusion. 
Patients were observed for rest and activity pain VAS, side effect Incidence, peak expiratory 
flow rate (PEFR), leg strength, sensory block to cold and pinprick, and PCEA usage Into the 
second postoperative day. Passive and active pain scores for both groups were both satisfactory 
and comparable for the duration of the study. There were no differences between groups with 
regard to side effects. There was a 24% increase in total drug used In the high-concentration/ 
low-volume group (P<0.05). The study demonstrated that PCEA ropivacaine with fentanyl Is 
an effective means of postoperative analgesia for this patlent population. Reduced drug 
consumption with high-volume/low-concentration solution confirms similar findings by other 
investigators using alternate local anaesthetic agents, and suggests that the therapeutic ratio of 


ropivacaine is widened if a low-concentration/high-volume solution is used. 


Br J Anaesth 2000; 84: 720-4 


Keywords: analgesics; anaesthetic techniques, epidural; pain, postoperative; surgery, gynaeco- 


logical 
Accepted for publication: January |1, 2000 


A combination of local anaesthetic with opioid by infusion 
into the epidural space provides effective postoperative 
analgesia for patients undergoing major abdominal 
gynaecological surgery, but not without risk of potentially 
lethal effects.! Ropivacaine is a local anaesthetic with an 
epidural potency similar to bupivacaine? which displays 
an improved cardiotoxicity profile? and reduced motor 
block at doses which provide analgesia.* Without addi- 
tion of opioid, epidural 0.2% ropivacaine by infusion is 
considered the most effective concentration for postopera- 
tive analgesia.’ There is some evidence that a high-volume/ 
low-concentration epidural (HVLC) solution is as effective 
as a low-volume/high-concentration (LVHC) solution for 
relieving pain with less drug needed overall.® If this were 
so, then administration of HVLC ropivacaine for epidural 
analgesia should provide an even greater margin of patient 
safety and also allow early mobilization with maintenance 


of pulmonary function. Patient-controlled epidural analgesia 
(PCEA) allows the patient to relieve their postoperative 
pain’ without interference by a subjective assessor. If 
analgesia is self-administered to provide comfort, then any 
difference in total dose should be due to the composition 
of the analgesic solution. 

In a randomized, prospective, double blind manner, we 
compared the effects of concentration and volume on a 
ropivacaine—fentanyl mixture given epidurally for post- 
operative analgesia in women who had undergone gynaeco- 
logical oncology laparotomy. 


Material and methods 


Forty, ASA O-U women (20-79 yr, 40-120 kg) undergoing 
laparotomy with a combined general—epidural anaesthetic 
technique for ovarian, uterine or cervical cancer were 


© The Board of Management and Trustees of the British Journal of Anaesthesia 2000 


Epidural ropivacaine with fentanyl following gynaecological surgery 


enrolled prospectively over a period of 1 yr to participate 
in a study approved by the Royal Women’s Hospital Ethics 
Committee. Each patient received a verbal and written 
description of the research protocol and all gave written 
consent. Exclusion criteria included inability to use PCEA, 
chronic pain, NSAID administration or drug abuse, and 
allergy to local anaesthetic or fentanyl. 

Preoperative and intraoperative care followed a standard 
regimen. Patients were premedicated with oral temazepam 
10-20 mg and metoclopramide 10mg 1h preoperatively. 
During surgery, the patient was monitored using the 
Datex AS3 system (Datex Instrumentarium, Helsinki, 
Finland). Direct arterial pressure, electrocardiograph and 
pulse oximetry monitoring were established before induc- 
tion of anaesthesia. Fentanyl 1pgkg! and midazolam 
0.02 mg kg"! were given i.v. 60 s prior to the commence- 
ment of induction of anaesthesia with propofol 2 mg kg". 
Vecuromum 0.1 mg kg! was administered to facilitate 
tracheal intubation and mechanical ventilation. Patients 
were ventilated to obtain an end-tidal carbon dioxide 
concentration of 4.6 kPa and anaesthesia was maintained 
with 1% isoflurane in nitrous oxide and 35% oxygen. The 
patient was turned to the left lateral position and an 
epidural catheter placed via an 18-gauge Tuohy needle at 
a thoracic interspace (Too, Tiwi of T1112 depending upon 
the proposed surgical incision) and advanced 5 cm inside 
the epidural space. Two 5-ml boluses of an epidural solution 
containing 0.2% ropivacaine with fentanyl 2 ug ml! were 
administered over 2 min, 5 min apart, followed by a 
continuous infusion of the same solution at 8 ml h! (MED 
Gemini PC-1, San Diego, CA, USA). A further bolus of 
5 ml epidural solution was administered if haemo- 
dynamic data increased 20% above the baseline, and incre- 
ments of i.v. fentanyl and vecuronium were given as 
indicated. Crystalloid and colloid were administered 
together with 3-mg boluses of ephedrine to maintain mean 
arterial pressure within 20% of baseline values, and packed 
cells were given intraoperatively when blood loss exceeded 
10% of estimated blood volume (70 ml kg’). At the end 
of the operative procedure, muscle relaxation was reversed 
with neostigmine and atropine. 

In the recovery room, the epidural infusion was ceased 
and a PCEA device (Abbott Pain Management Provider 
Pump, Abbott Laboratories, North Chicago, IL, USA), 
programmed and primed with the trial solution by an 
independent anaesthetist, was attached to the patient and 
education in the use of the device was reinforced. All 
patients were block randomized to receive, in a double 
blinded manner, either 0.1% ropivacaine with fentanyl 
1 ug ml! (HVLC) or 02% ropivacaine with fentanyl 
2 ug ml"! (LVHC) prepared by the Royal Brisbane Hospital 
Central Pharmacy. The PCEA was programmed to deliver 
a bolus dose of ropivacaine 8 mg with fentanyl 8 ug (HVLC 
group received an 8-ml bolus on successful demand and 
the LVHC group a 4ml bolus), with a 15-min lockout 
period and without any background infusion. 


Table 1 





Visual analogue score (VAS) 
Commencing at 50 mm. Scale 0-100 mm 
O=no pain, , 100=worst pain ever experienced 


Modified Oxford score (at the hip) 

no muscle contraction 

hip flexors/extensors contract but thigh does not move 

able to lift thigh or move against gravity but not against resistance 

able to lift thigh against resistance but readily overcome 

full range of movement against gravity and able to withstand maxımal 
resistance 


BRWNr SO 


Sedation score 

1 awake, alert, cooperative, able to complete VAS 

2 awake but appears sleepy, cooperative, able to complete VAS 

3 sleeping but easily aroused, or awake but unable to complete VAS 
4 sleeping, difficult to rouse 
5 unresponsive to painful stumulus 


Nausea/vomiting score 
1 no nausea or vomiting 
2 nausea but no vomiting, no treatment requested 
3 nausea but no vomiting, treatment requested 
4 vomiting 
5 vomiting which persists after treatment 


Prunitus score 

none 

muld, present but not distressing 

moderately distressing, but treatment not required 
severe; treatment requested 

poor relief with treatment 


Ub WN = 


The pump and nursing chart displayed the dose of drug 
in milligrams delivered. Data were collected at 1, 4 and 
8 h after discharge from the recovery room, and then at 
08:00, 12:00, 16:00 and 20:00 h on postoperative days 
1 and 2. Analgesia was assessed using a 10-cm visual 
analogue scale (VAS) at rest (passive pain score) and during 
performance of peak expiratory flow rate with the patient 
semi-reclined, and leg raising with patient flat (active pain 
score). Sensory block to cold and pin prick was assessed 
together with muscle power (modified Oxford motor power 
score). The incidence and severity of unwanted effects 
such as hypotension, nausea/vomiting, sedation and pruritus 
were also assessed (Table 1). PCEA data such as the number 
of boluses and attempts and total dose were downloaded 
directly via the RS232 serial port of the Abbott pump to a 
laptop computer at the completion of each study. 

A preliminary estimate of sample size was based on an 
expected 25% difference in dose requirements between the 
HVLC and LVHC groups. With a type I error of 0.05 and 
a type II error of 0.2, the required sample size was 40 
patients (Power Analysis & Sample Size for Windows 
PASS v.6.0, NCSS, Kaysville, UT, USA). Data were collated 
using Excel 95 and statistical analysis performed using 
Arcus Quickstat (Biomedical) version 1.2 (Addison Wesley 
Longman, Cambridge 1998). Nominal data were analysed 
by unpaired t-test while VAS data were analysed by Mann- 
Whitney U-testing. A value of P<0.05 was considered 
significant. 
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Table 2 Patient charactenstics Data are mean (SD or range) or number. Peak 
expiratory flow rate data [mean percentage decrease in PEFR from baseline (sp)] 


HVLC LVHC 

Age (yr) 52.6 (26-65) 51.8 (33-68) 
Height (cm) 161 (5 2) 164 (7.1) 
Weight (kg) 71.6 (17.6) 68.2 (13) 
ASA class (I/ I) 13/5 16/2, 
Incision type 6/10/2 TAO 

Phanansteil 

Low-midline 

Full-midline 
Duration of surgery (mn) 127 (29) 102 (35) 
Blood loss (ml) 626 (760) 508 (302) 
PEFR 

Postoperative day 1 37 (13) 41 (11) 

Postoperative day 2 28 (15) 32 (17) 
Results 


Of the 40 patients enrolled, four (two in each group) required 
conversion to alternate analgesia to provide satisfactory pain 
relief and were excluded from analysis. Both groups were 
comparable with respect to age, height, weight, duration of 
surgery and blood loss (Table 2). The HVLC group had a 
slightly greater proportion of ASA III patients, and two 
patients in this group had full midline incisions as opposed 
to none in the LVHC group. 

Both the HVLC and LVHC groups had low median VAS 
scores during both passive pain (resting) and active pain, 
with no difference between the groups (Fig. 1). Pain scores 
were generally higher with PEFR measurement compared 
to Oxford power assessment, but the difference did not 
reach significance except at a single time point (20:00 h 
postoperative day 1, P=0.033, CI 1-30). 

Each study duration varied depending on the time of 
discharge of the patient from recovery (mean HVLC 
53.75 h, LVHC 54.32 h) and ranged from a minimum of 
48 h to a maximum of 58 h, data for drug consumption are 
therefore expressed as the mean of the individual mg h” 
usage (mean HVLC 8.52 mg h!, LVHC 10.57 mg h`). A 
scatter plot of individual patient data revealed a normal 
distribution, and two-tailed unpaired f-testing showed the 
HVLC group ropivacaine consumption to be significantly 
less than the LVHC group (P=0.03, CI 0.22-3.88). 

The scores for nausea/vomiting, sedation, pruritus and 
modified Oxford on each day were averaged, and daily 
averaged data compared between groups (Fig. 2). Both 
nausea/vomiting and sedation scores were high on the day 
of surgery for both groups (2 and 1.9 for the HVLC group 
and 1.75 and 2 for the LVHC group, respectively) and 
progressively declined over the next 2 days. Pruritus scores 
were low throughout the study period. There were no 
differences between the groups for any of the assessed 
effects. 

Both groups showed ~40% decrease in PEFR from the 
baseline on the first postoperative day, which improved to 
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Fig 1 Visual analogue score (VAS) profiles for the 0.1% and 02% 


ropivacaine groups while at rest, during peak expiratory flow rate (PEFR) 
measurement and during assessment of muscle power. There were no 
significant differences between the groups at any of the measurement 


times (DO = day of operation, D1 = first postoperative day, D2 = 
second postoperative day) Data are median (histogram), first and third 


interquartiles (error bars). 


a 30% decrease by postoperative day 2 (Table 2). There 
were no differences between groups and inter-patient 
variability was marked. Modified Oxford scores demon- 
strated full return of quadriceps strength by the first post- 
operative day with minimal weakness on the day of surgery, 
and no difference between the groups. 

There was no significant difference between the groups 
in sensory block assessment at any stage. Median block 
spread decreased with time (Table 3). However, sensory 
block varied markedly between patients and in the individual 
patient over time. Two patients in each group had no 
demonstrable block or pain on postoperative day 2. 
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Fig 2 Unwanted effect score (sed = sedation, n/v = nausea and vomiting, 1tch = pruritus, oxford = muscle power) for the 0 1% and 0 2% ropivacaine 
groups at the measurement umes (DO = day of operation, D1 = first postoperative day, D2 = second postoperative day) There were no significant 
differences between the groups at any of the measurement times. Data are mean (histogram) and sp (error bars). 


Table 3 Median upper and lower dermatomes achieving sensory block to pin 
prick at esch assessed time point for both HVLC and LVHC groups. DO = 
day of operahon; DI = first postoperative day, D2 = second postoperative day 


HVLC upper LVHC upper HVLClower LVHC lower 


DOLh T6 T5 L3 LA 
DO 4h T7 T7 L3 L3 
DO8h T8 T8 L2 L2 
Di 08:00h T9 T8 L2 L2 
D1 12:00h T8 T8 L2 L2 
DI 16.00h T9 TS 12 L2 
D1 20:0 hb T9 T8 L2 L2 
D2 08:00h T9 T9 LI LI 
D2 1200h T9 T10 Ll LI 
D2 16:00 h T10 T10 L1 Lt 
D2 20:00h TIO T10 L2 LI 
Discussion 


Treating postoperative pain following gynaecological 
oncology surgery with patient-controlled epidural analgesia 
using low-concentration ropivacaine (0.1%) with low-dose 
fentanyl (1 ug mlt) appears satisfactory. This study showed 
a significant reduction in the dose of the drug used to 
provide equal analgesia when the solution was high volume, 
low concentration compared with low volume, high con- 
centration, thereby potentially increasing the margin 
between therapeutic and toxic drug levels. These findings 
are in accord with other workers.’ 9 In this study, active 
pain scores showed a good level of analgesia with the lower 
concentration of ropivacaine. This is contrary to the findings 
of several workers, but their data were collected without 
the addition of epidural opioid.* > !° It is hypothesized that 
more painful stimuli penetrate an anaesthetic sleeve at lower 
local anaesthetic concentrations, thereby failing to provide 
adequate pain relief on movement and coughing.!! 12 

The incidence and severity of nausea/vomiting and 
sedation was high on the day of surgery. This is expected 


with gynaecological oncology surgery, ıt was resolved 
rapidly on the first postoperative day and was virtually non- 
existent on postoperative day 2. As PCEA usage varied 
little during the study period within individual patients, it 
seems likely that the ropivacaine—fentanyl epidural solution 
did not contribute to these unwanted effects. Although the 
HVLC group used less drug than the LVHC group, there 
was no difference between groups in the incidence of side 
effects. Avoidance of systemic opioid may have contributed 
to the rapid improvement in nausea/vomiting and sedation 
scores. However, there was no systemic opioid group for 
comparison. Pruritus scores were consistently low. This 
may be a reflection of the small amount of fentanyl utilized 
by either group. Lower limb motor block was minimal and 
was only apparent on the day of surgery. All patients were 
able to stand unassisted on the first postoperative day and 
none of the patients who demonstrated more extensive 
sensory block on postoperative days 1 and 2 showed 
any demonstrable leg weakness, lending support to the 
proposition that ropivacaine produces a differential nerve 
block at low concentrations.* The reductions in PEFR in 
this study are comparable with others using a combined 
epidural-general anaesthetic technique for abdominal 
surgery.\4 There was no difference in PEFR reduction or 
the maximum upper sensory level of the epidural block 
achieved between the groups, supporting the view that 
epidural block spread is dose, rather than volume 
dependent.* 1° 

Epidural analgesia had to be aborted in 10% of patients 
during the study, which is comparable to the efficacy failure 
rate of epidural infusions of bupivacaine with fentanyl.' 
Two patients developed a unilateral block and two patients 
bilateral block failure. Complete block failure was evident 
on the first postoperative day despite there being adequate 
analgesia and sensory block on the day of surgery. 
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Tachyphylaxis is considered a possible cause, there being 
no obvious reason found at the time. 
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A retrospective survey of anaesthesla for Caesarean section (CS) for placenta praevia was 
performed, covering the period between January |, 1984 and December 31, 1998. Three 
hundred and fifty consecutive cases of placenta praevia were identified. Overall a regional 
technique was used 60% of the time. Five women had a placenta accreta which required 
Caesarean hysterectomy: one had general anaesthesia (GA) throughout and four initially 
received a single-shot spinal injection. Of these latter four cases, two were converted to GA 
during the hysterectomy and two continued with spinal anaesthesia throughout. Two other 
women (both GA), suffered postoperative thrombotic episodes (one pulmonary embolus and 
one cerebral thrombosis) but made full recoveries. Control of blood pressure when using 
regional anaesthesla (RA), even In the presence of considerable haemorrhage, was not a 
problem. Statistical regression models indicated that RA was assoclated with a significantly 
reduced estimated blood loss and reduced need for blood transfusion. This retrospective 
survey finds no data to support the much quoted aphorism that RA is contraindicated for CS 


in the presence of placenta praevia. 
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Placenta praevia occurs when part of the placenta implants 
within the lower uterine segment. It complicates 4.8 per 
1000 deliveries and is fatal in 0.03% of these.' It is one of 
the major causes of massive obstetric haemorrhage and can 
result ın increased maternal, fetal and neonatal morbidity 
or mortality. In the three UK triennial maternal mortality 
reports from 1988 to 1996, a total of 12 maternal deaths 
were direct results of haemorrhage from placenta praevia, ™4 

Anaesthesia for Caesarean section (CS) for placenta 
praevia 1s controversial. While many anaesthetists believe 
that general anaesthesia (GA) is mandatory for CS for 
placenta praevia, there is recent evidence that views may 
be changing.>* Surveys% demonstrate a wide variation in 
practice among obstetric anaesthetists, with the majority 
(>80%) now willing to consider using regional anaesthesia 
(RA) for placenta praevia depending on the position of the 
placenta, the urgency of the situation and the extent of 
any continuing antenatal blood loss. However, many 
respondents expressed a desire for advice on the anaesthetic 
management of placenta praevia. Apart from anecdotal 


opinion,>!° there is little evidence on which to base such 
advice. Arcario and colleagues,!! in a retrospective review 
of 180 patients, confirmed that RA was not necessarily 
contraindicated ın this patient population and felt that RA 
techniques may decrease the estimated blood loss. In a 
study of maternal and perinatal morbidity resulting from 
147 cases of placenta praevia, RA was used in 25% 
of cases with no maternal morbidity attributable to the 
anaesthetic techniques used.!? 

Before the widespread introduction of muscle relaxants 
into anaesthetic practice, placenta praevia was not viewed 
as a contraindication to RA. Indeed, spinal anaesthesia was 
viewed by some as the ideal anaesthetic. Compared with 
the then available GA techniques, spinal anaesthesia allowed 
easier intra-pelvic manipulations and uterine atony was 
unusual. In consequence of this latter fact, there was 
significantly less haemorrhage from the placental site and 
obstetric shock was rare with spinal anaesthesia.!™!5 How- 
ever, in the 1940s the safety of spinal anaesthesia was 
called into question because of fears of neurological dam- 
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age!©!7 and its practice in Britam virtually stopped. Around 
this same time muscle relaxants were introduced into 
anaesthetic practice. Obstetric anaesthesia based on muscle 
relaxants and light GA avoided most of the disadvantages 
of the previous spontaneously breathing inhalational GA 
techniques and became widely used. Subsequently, British 
obstetric anaesthetists had little training in, or expertise, 
with RA for many years, and GA became the norm for 
most CSs. 

In recent years there has, once again, been a swing to 
RA for CS, with 78% of all sections now being performed 
under RA and, in some units, well over 90%.'8 With the 
paucity of published evidence available on which to base 
any objective recommendation, the authors’ two maternity 
hospitals have had no firm policy on anaesthesia for 
placenta praevia, the technique being left to the discretion 
of individual anaesthetists. When this survey was initiated, 
about half the cases were conducted under RA. With such 
an even split it was felt that a retrospective analysis of our 
cases may provide useful information on which to base 
future recommendations. 


Methods 


In the absence of a hospital computerized obstetric database, 
both the hand-written labour ward register and the obstetric 
operating theatre register were examined and all cases 
where either placenta praevia or antepartum haemorrhage 
(APH) was recorded as a reason for CS were identified. 
The obstetric notes were obtained for all these patients and 
the cases of placenta praevia identified. The period covered 
by the survey was from January 1, 1984 to December 31, 
1998. For each patient, the following information was 
recorded: gestation, parity, number of previous CSs, grade 
of placenta praevia, position of placenta (from ultrasound 
scan reports or description at surgery), the nature of the 
surgery (emergency or elective, as defined by the obstet- 
rician), the anaesthetic technique used, the grade of the 
most senior anaesthetist present, estimated blood loss during 
surgery, preoperative haemoglobin (Hb) (within 24 h if 
there was a history of persistent vaginal bleeding), post- 
operative Hb (second or third postoperative day), and 
problems or comments noted by the anaesthetist. To com- 
pensate for blood transfused before the second venous 
Hb sample was obtained, the reported postoperative Hb 
concentrations were reduced by 1 g dl! for every unit of 
blood transfused. 

These data were entered into a spreadsheet (Microsoft 
Excel v.4 for Windows NT 4.0) and analysed using SPSS 
(7.5.1) for Windows NT (4.0) and Genstat (v.5, release 
4.1), the latter run on a mainframe computer under Unix. 
Depending on the data, parametric and nonparametric tests 
were used. The difference between preoperative and post- 
operative Hb was analysed using multiple regression with 
backward elimination of factors to select the final model 
(Genstat). Because of the known inaccuracies of estimating 


Table 1 The grade of placenta praevia, the nature of surgery and the anaesthetic 
technique used. El=elective Caesarean sechnon. Em=emergency Caesarean 
section, GA=general anaesthesia; RA=regional anaesthesia; RA%=regional 
anaesthesia as a percentage of the total number of anaesthetics *Includes one 
case where spinal anaesthesia was performed but failed to spread adequately, 
so GA was given **Includes one case of spinal anaesthesia for Caesarean 
section, GA for hysterectomy ***Includes one case of spinal anaesthesia for 
Caesarean sectron and hysterectomy 





Grade 1 Grade 2 Grade 3 Grade 4 Total 
A Em H Em El Em El Em 
GA 6 14 7 29% 13 43* 6 22 140 
RA  20*** 19 48** 20 44r** 26 21** 12 210 


RA% 77 58 87 4i TT 38 78 35 60 


blood loss, the estimated volumes were grouped into the 
following categories: <500, 501-1000, 1001-1500, 1501- 
2000 and 2000 ml. There were only seven patients in the 
22000 ml group, too few for statistics to be meaningful, 
these seven patients were amalgamated with the 1501- 
2000 ml group and the data were analysed using propor- 
tional-odds ordinal regression, again with backward elimina- 
tion to select the final model (Genstat). Transfusion 
requirements were analysed using a Poisson regression 
model with backward elimination of factors to select the 
final model (Genstat). P<0.05 was taken as indicating 
statistical significance. 


Results 


Three hundred and fifty consecutive cases of placenta 
praevia progressing to CS were identified from January 1, 
1984 to December 31, 1998 inclusive. Table 1 shows the 
type of surgery and the grade of placenta praevia. Overall 
210 CSs (60%) were performed with a RA technique. Table 
2 shows the grade of the most senior anaesthetist present, 
the type of anaesthetic, conversions of one anaesthetic 
technique to another and the nature of the CS. 

There were 140 women with an anterior placenta praevia; 
31 of these had experienced a previous CS. Only two of 
the latter proceeded to hysterectomy (Table 3). In total, 
there were seven cases of placenta accreta of which five 
progressed to hysterectomy (Table 3). Two of these women 
had a spinal anaesthesia for their CS and GA for their 
hysterectomy because the spinal anaesthesia wore off as a 
result of delay in performing the hysterectomy. In the two 
remaining spinal anaesthesia cases there was no delay 
in proceeding to hysterectomy; in both cases the spinal 
anaesthesia provided anaesthesia sufficient for the total 
duration of the surgery. 

As regards anaesthetic problems, in addition to the 
information in Table 2, there were four cases where it took 
‘multiple attempts’ to place spinal anaesthesia successfully; 
one potenually difficult intubation was avoided by the use 
of an epidural; two women known to have had previous 
problems with suxamethonium (scoline apnoea; cardiac 
arrest following extreme bradycardia unresponsive to 
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Table 2 The grade of the most senior anaesthetist present and type of anaesthesia used for emergency or elective Caesarean section for placental praevia. GA= 
general anaesthesia {Includes one failed spinal anaesthesia converted to GA before delivery. Includes two spinal anaesthesias for Caesarean section with GA 
for hysterectomy, one failed epidural converted to spinal anaesthesia preoperatively and two spinal anaesthestas for Caesarean section and subsequent hysterectomy. 
tHIncludes one Caesarean section proceeding to hysterectomy ttIncludes one combined spinal-epidural anaesthetic **Includes one combined spimal—epidural 
anaesthetic where the spinal component failed to spread and the epidural was topped up preoperatively 











Emergency Caesarean section Elective Caesarean section Total 

GA Spinal Epidural GA Spinal Epidural 
Consultant 12 20 6 134+ 53 13** 117 
Associate specialist 4t 2 0 2 10 18 
Senior registrar 4 1 2 7 14 
Staff anaesthetist 3 5 1 0 2 0 li 
Registrar 55 19tt 5 10 20 9 118 
SHO/clinical assistant 35t 11tt 2*4 5 at 8 72 
Total 113 58 14 32 103 30 350 





Table 3 The seven cases of placenta accreta with ther management. CS=Caesarean section, Hl=elective Caesarean section, Em=emergency Caesarean section;, 
GA=general anaesthesia throughout; Sp=spinal anaesthesia throughout, Sp/GA=spinal for Caesarean section with GA for hysterectomy 











Position of Previous CS EV/Em Anaesthetic Most senior Hysterectomy Total units of blood 
placenta anaesthetist present transfused 

Anterior no El Sp consultant yes 4 

Anterior no El GA consultant no 4 

Anterior yes El Sp/GA consultant yes 28 

Anterior yes El GA consultant yes 5 

Posterior yes El SW'GA consultant yes 3 

Posterior yes El Sp consultant yes 2 

Anterior no Em GA staff doctor no 2 


atropine 1.2 mg) received spinal anaesthesia; one difficult 
intubation was encountered during induction of GA in an 
emergency case; there were two cases of oxygen desatura- 
tion during GA (one of these was eventually diagnosed as 
being caused by endobronchial intubation, while the other 
remained cyanosed throughout surgery despite various 
attempted remedies); one patient with known malignant 
hyperpyrexia received total intravenous anaesthesia. Two 
other GA cases had thrombotic episodes postoperatively. 
The first of these patients had GA for her CS where placenta 
accreta was encountered. Surgery proceeded directly to 
subtotal hysterectomy after delivery of the infant. Over a 
24 h period, this patient received 6500 ml crystalloid, 
2000 ml colloid and 5 units of blood. Her subsequent 
recovery was complicated by intermittent pyrexia, abdom- 
inal pain, chest tightness, dizziness and the development of 
a broad ligament haematoma. She was eventually discharged 
on day 14 but then on day 18 she was admitted as an 
emergency to the chest unit following a pulmonary embolus 
for which she was given anticoagulant, The second patient, 
with a grade IV placenta praevia, had an uneventful CS 
under GA and an uncomplicated postoperative period while 
in hospital. Then, on day 13, she awoke at home with a 
severe headache and a left hemiparesis. An MRI scan 
revealed an infarct caused by arterial thrombosis deep within 
the right hemisphere. Both women made full recoveries. 

Hypotension was a specific problem recorded in 13 
women undergoing RA: eight procedures were elective (five 
spinal anaesthetics, one combined spinal epidural (CSE), 
two epidurals) and five were emergency (three spinal 





anaesthetics, two CSE). In none of these cases was the 
hypotension related to blood loss. In 11 cases, hypotension 
occurred during the initial induction of the block. In the 
two remaining cases, hypotension occurred shortly after 
delivery and was associated with uterine manipulation. In 
neither case did it cause any concern. The average estimated 
blood loss during surgery in these 13 women was 600 ml 
(range 200-1500 ml). Only one of these women received 
a blood transfusion. Hypotension was a specific problem in 
seven GA patients (five emergency, two elective) and was 
always associated with intra-operative bleeding. The average 
estimated blood loss in this subgroup of seven women was 
1600 ml (range 500-3500 ml). All but one of these women 
received a blood transfusion. 

One hundred and eighty five cases (53%) were classified 
as either emergency or urgent and in the majority of these 
(69%) anaesthesia was performed by a registrar or SHO 
grade anaesthetist. There was a highly significant difference 
between the anaesthetic techniques used by consultants and 
trainees in emergency cases: trainees used GA 71% of the 
time, compared with 40% for consultants (chi-squared 
P=0.0005). With regard to the elective cases, although 
there was a similar trend with GA being used for 17 and 
24% of cases by consultants and trainees, respectively, 
the difference was not statistically significant (chi-squared 
P=0.25). 

Analysis of the haematological information was compli- 
cated by the fact that women received blood transfusions 
at various times, before during or after the operation. For 
11 women who had received 5-28 units of blood it 
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Table 4 The estimates (1e. beta values), with their standard errors, for the 
variables which were found to be statistically (P<0 05) associated with 
estimated blood loss (proportional odds ordinal regression modeling) Cut point 
0/1, «500 ml; cut point 1/2, ©1000 ml; cut point 2/3, «1500 ml 








Estimate (SE) 

Cut point 

OL 831 (2 65) 

1⁄2 10 29 (2.67) 

23 11.26 (2.68) 
Year 0.0936 (0 0293) 
Regional anaesthesia -0.082 (0 242) 
Position of placenta 

Posterior -0.570 (0.235) 

Central -0 259 (0 661) 

Lateral -0 212 (0 598) 
Grade of placenta praevia 

n 0 09 (0.346) 

m 0 312 (0.331) 

IV 0.824 (0 401) 





Table 5 The estimates (1.e. beta values), with their standard errors, for the 
variables which were found to be statistically (P<0.05) associated with blood 
transfusion requirements (Poisson regression modelling) 





Estimate (SE) 

Constant 3 106 (0.729) 
Gestation —0 0826 (0.0208) 
Regional anaesthesia —1.074 (0 173) 
Position of placenta 

Posterior —0.446 (0.155) 

Central —0 706 (0.407) 

Lateral —1 129 (0 707) 
Grade of placenta praevia 

H -0311 (0231) 

m 0.340 (0.22) 

IV 0.469 (0 219) 





was not possible to ascertain when the preoperative and 

postoperative blood samples were obtained in relation to 

the blood transfusions they received. The data for these 11 
women 

(7 emergency, 4 elective) were excluded in the analysis of 

differences between preoperative and postoperative Hb 

concentrations but included in all other analysis. 

After all the data had been entered into the relevant 
stepwise regression procedures, the only variables that 
showed a statistically significant predictive relationship 
with estimated blood loss were the anaesthetic (GA or 
RA), the position of the placenta, the grade of the praevia 
and the year of surgery. For blood transfusion requirements, 
the significant variables were the anaesthetic (GA or 
RA), the position of the placenta, the grade of praevia 
and the gestation. These variables and the equations 
created by the regression statistics are shown in Tables 
4 and 5. No statistically significant variables were 
associated with the difference between preoperative and 
postoperative Hb concentration. 

Mean estimated blood loss (sD) for all patients in the 
study was 672 (441) ml; for RA patients only it was 613 
(367) ml and for GA patients only it was 756 (518) ml 


(95% confidence interval for the difference between the 
means was 41-244 ml; P=0.006). 


Discussion 

Recent surveys have indicated, that while many anaesthetists 
are willing to use RA for CS for placenta praevia, others 
would not do so under any circumstances.** A desire has 
been expressed for advice on the anaesthetic management 
of placenta praevia® but there is a lack of published 
evidence on which to base any objective advice. Arcario 
and colleagues,!! in a retrospective review of 180 patients, 
felt that RA was not necessarily contra-indicated in this 
patient population and that RA techniques may, in fact, 
decrease the estimated blood loss at surgery for simple 
placenta accreta. However, their study, which was presented 
in abstract only, provided few other details. McShane, Heyl 
and Epstein,!? in a retrospective study of 147 cases of 
placenta praevia, reported briefly that RA had been used in 
25% of cases and that there was no maternal morbidity 
attributable to the anaesthetic techniques used. Our current, 
more detailed, retrospective study of anaesthesia for 350 
cases of placenta praevia provides further evidence to 
complement these two studies. We found no significant 
permanent morbidity associated with any of the anaesthetic 
techniques and, like Arcario and colleagues,!! we noted a 
significantly lower estimated blood loss in the RA group. 
Unlike the two previous studies, 1? our data allowed us to 
apply regression statistics to control for the many interacting 
factors affecting blood loss. This process clearly indicated 
that, compared with GA, RA was associated with a signific- 
antly lower estimated blood loss and lower transfusion 
requirements, whatever the classification of the CS or the 
grade of placenta praevia. 

It is accepted that estimating blood loss during CS is 
notoriously inaccurate and this was the reason for the broad 
groupings of estimated blood loss. Despite the inaccuracies, 
the estimates are probably a useful indicator of how 
concerned the anaesthetist or surgeon was during the proced- 
ure. At the same time it must be recognized that estimated 
blood loss and, hence, the need for blood transfusion may 
be biased by the beliefs of the anaesthetist or obstetrician. 
Those with confidence in RA may make lower estimates 
of blood loss which, in turn, may influence the blood 
transfusion rate. However, if patients were being systematic- 
ally undertransfused in the RA group, this would be revealed 
in the postoperative Hb concentrations. There is no evidence 
from the data that the RA group were undertransfused 
since, compared with the GA group, the RA group had a 
similar mean preoperative Hb concentration, a lower rate 
of blood transfusion, a similar mean postoperative Hb 
concentration, and a similar preoperative—postoperative Hb 
difference. 

While massive haemorrhage is a recognized complication 
of placenta praevia, there was no evidence from this survey 
to indicate that the management of such haemorrhage was 
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a problem under RA. Those who advocate GA for placenta 
praevia fear that the sympathetic blockade induced by RA 
will make it difficult or impossible to control arterial 
pressure should severe haemorrhage occur. In our survey, 
ephedrine was the only sympathomimetic drug required, 
except in one patient. While it is accepted that inducing 
RA in the presence of uncorrected hypovolaemia may 
be fraught with problems, the physiological responses to 
haemorrhage when haemorrhage first occurs after RA has 
been safely established is a very different scenario. In this 
latter situation, in contrast to GA, RA may provide a 
protective effect.!° 7° The normal intense vasoconstriction 
associated with significant blood loss is not possible with 
RA and the arterial pressure is much more dependent on 
intravascular fluid volume than during GA. During light 
GA, the brisk sympathetic reflexes may maintain arterial 
pressure in the face of significant continuing blood loss and 
lead the less experienced anaesthetists and surgeons to 
underestimate blood loss and undertransfuse until circulat- 
ory collapse suddenly occurs. The intense vasoconstriction 
during such light GA may also be detrimental to organ 
perfusion and oxygenation and may predispose the mother 
to major organ failure in the postoperative period. When 
dogs are bled after induction of high thoracic epidural 
anaesthesia, there is significantly better survival than if the 
animals are bled to a similar degree in the absence of 
epidural anaesthesia (9/10 compared with 2/10 survival, 
respectively).!? The dogs in the thoracic epidural group had 
slower heart rates, greater cardiac stroke volume, higher 
arterial pH and bicarbonate concentration, and lower catech- 
olamine and lactate concentrations than the GA controls. !°? 
Further evidence of some protection from the effects of 
haemorrhage by epidural anaesthesia can be found m 
sheep: epidural anaesthesia attenuated the increase in uterine 
vascular resistance associated with haemorrhage.”? 

Some may have anxieties regarding the management of 
heavy blood loss in conscious patients but this retrospective 
review did not highlight any concerns about anaesthesia. 
Seven women had an estimated blood loss of >35—-40% of 
their estimated blood volume. Of these women, five had GA 
from the outset because of significant APH, so consciousness 
was not an issue; one primigravid patient with an anterior 
grade IH placenta praevia received a spinal anaesthetic and 
subsequently lost an estimated 3000 ml of blood but, as 
this was replaced rapidly with warmed blood and other 
fluids, no untoward effects were observed. Only one mother 
had symptoms related to blood loss; this woman, with two 

- previous CSs and a grade II anterior placenta praevia, had 
a spinal anaesthetic and lost an estimated 6000 mi over the 
60 min duration of her CS. 

Another possible area of concern in relation to RA, 
particularly spinal anaesthesia, is the duration of surgery. 
In our survey, technical problems aside, duration of an 
adequate block from either a spinal or epidural anaesthetic 
for CS for placenta praevia was not a problem. 

In two prospective studies of anaesthesia for Caesarean 


hysterectomy, 24 of 60?! and seven of 28” cases initially 
commenced under RA required conversion to GA. In the 
study by LaPlatney and O’Leary,”! four of 18 spinal 
anaesthetics required ‘inhalational supplementation’ and 
two of these developed aspiration pneumonitis (from the 
data it is not clear if ‘inhalational supplementation’ is 
equivalent to intubation and formal GA or merely as it 
says, ‘inhalational supplementation’). This led the authors 
to comment that GA should be considered preferable.?! On 
the other hand Chestnut and Redick” felt that women 
should not be prohibited from choosing epidural anaesthesia 
for Caesarean hysterectomy and, in a prospective study of 
Caesarean hysterectomy, Chestnut and colleagues,” using 
RA in 13 of 45 cases, stated that they believed elective 
Caesarean hysterectomy was not a contraindication to 
epidural anaesthesia. 

It is not clear why the year of surgery was positively 
correlated with an increased estimate of blood loss. This 
apparent correlation could have been caused by chance or 
the year may be a proxy indicator for some other factor 
(perhaps related to changes in medical staffing on the labour 
ward). Unfortunately, information on the duration of surgery 
and the grade of operator was not collected in our survey. 

Whatever the anaesthetic technique, it is essential that 
plans are made to contend with sudden blood loss. If the 
mother is to be awake, then the possible need for rapid fluid 
or blood replacement should be explained preoperatively to 
reduce anxiety should the need for such infusions arise. In 
the absence of prospective randomized trials, it is difficult 
to find objective evidence on which to base the arguments 
for or against GA or RA for placenta praevia. However, 
this retrospective analysis of anaesthesia for placenta praevia 
finds no evidence to support the much quoted opinion that 
GA is mandatory in such cases. Indeed, to the contrary, 
this study adds to the growing literature! 1222 3 suggesting 
that, when RA is used, not only is there no reduction in 
maternal safety in relation to the management of blood loss 
but there may be a reduced blood loss and reduced need 
for postoperative blood transfusion. 
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Does wound irrigation with triamcinolone reduce pain after 
surgery to the lumbar spine? 
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This prospective, randomized study compared postoperative pain scores, morphine consump- 
tlon and length of stay in 95 adults who underwent elective lumbar spine surgery via a posterior 
incision. Immediately prior to closure the wound was Irrigated with triamcinolone 40, 20 or 
0 mg. Visual analogue scale pain scores at 24 h after surgery were median 12 (interquartile 
range 3-24), 15 (6-34) and 33 (20-59) mm for patients receiving triamcinolone 40, 20 mg or 
no steroid, respectively (P<0.0005, Kruskal-Wallis test). Total morphine usage after 24 h was 
26 (21—39), 27 (17-43) and 43 (27-73) mg for the same groups (P<0.001, Kruskal-Wallis 
test). The proportion of patients discharged from hospital on the first day after surgery was 
83.9, 77.4 and 54.8% for patients receiving triamcinolone 40, 20 mg and no steroid, respectively 
(P<0.028, chi-squared test). Extra-dural triamcinolone reduces pain after lumbar spine surgery 


and reduces time to discharge from hospital. 
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Pain after surgery is distressing for patients and may delay 
their mobilization. Although the use of opiate analgesia for 
pain relief is widespread, its uptake by patients may be 
limited by side effects, notably nausea, vomiting and 
sedation. Although wound infiltration with bupivacaine 
towards the end of surgical procedures on the lumbar 
spine is commonly undertaken, reports on its efficacy are 
equivocal.'-’ We have previously reported that in a non- 
random subset of patients to whom extra-dural steroid was 
administered during wound closure, there was a significant 
reduction in pain after surgery.! However, this was an 
unexpected finding in a post hoc analysis of data from 
an investigation of the efficacy of para-vertebral wound 
infiltration with bupivacaine. The present study was 
designed to rigorously and prospectively investigate the 
efficacy of extra-dural triamcinolone as an adjuvant therapy 
to reduce pain after surgery to the lumbar spine. 


Methods 


All patients admitted to the Department of Neurosurgery at 
Derriford Hospital, Plymouth, UK in anticipation of surgery 
for benign conditions of the lumbar spine were approached 
to participate in this trial. Written consent was obtained. 
Patients who were under 18, pregnant, or in whom it was 
expected that the dura would be opened were excluded. 


Prior approval was obtained from the South and West 
Devon Health Authority Ethics Committee. In addition, as 
extra-dural administration of triamcinolone is not a licensed 
indication, we obtained a Clinical Trials Exemption certifi- 
cate (CTX) from the Medicines Control Agency of the UK. 

Patients were pre-medicated with temazepam 10~20 mg 
and anaesthetized with propofol and fentanyl, 2 ug kg! 
followed by 0.5-1.5% isoflurane (end tidal concentration) 
and 66% N,O in oxygen administered by mechanical 
ventilation. Additional fentanyl was given as clinically 
indicated. Paralysis was achieved with vecuronium or atrac- 
urium, and reversed at the end of surgery using glycopyrron- 
ium and neostigmine. Droperidol 0.5 mg was given as a 
prophylactic anti-emetic. 

Treatment allocation (40, 20 or 0 mg triamcinolone) was 
determined by a computer-generated randomization scheme. 
Study allocation was held in individually numbered sealed 
opaque envelopes which were not opened until after the 
surgical procedure had been completed and wound closure 
was about to commence. If the dura was inadvertently 
opened before the end of the surgical procedure, the patient 
was not randomized. 

Tnamcinolone injection is an opaque white suspension, 
and after discussion with the pharmacy we could not identify 
a suitable inert substance with a similar appearance which 
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could be safely administered as a placebo. It was therefore 
not possible to blind the operating surgeon or the operating 
room staff. However, implementation of the standardized 
prescriptions for postoperative analgesia and collection of 
outcome data were the responsibility of nursing staff who 
were blind to the treatment allocation. 

The study protocol dictated randomization only immedi- 
ately prior to wound closure. This allowed the exclusion of 
patients in whom the dura was inadvertently opened and 
also ensured that the administration of the standardized 
anaesthetic was not biased by prior knowledge of the 
patient’s treatment allocation. Anaesthetic interventions 
after administration of study drug were limited to reversal 
of neuromuscular block and extubation. No additional 
fentanyl was administered after wound closure had com- 
menced. 

All patients were operated on in the prone position on 
an extension frame. Before surgical incision, the skin 
and subcutaneous tissues were infiltrated with 20 ml 1% 
lidocaine with epinephrine 1/200 000. Immediately prior to 
wound closure, the randomization envelope was opened, 
and according to the instructions inside, triamcinolone 40, 
20 mg or no steroid was placed in the wound under direct 
vision. The triamcinolone (40 mg mI!) was drawn up in a 
sterile 1-ml syringe and infused in such a way as to coat 
the paraspinal muscles and drain down into the extra- 
dural space. 

In the postoperative recovery area, patients received i.v. 
morphine 2 mg at 5-min intervals until comfortable, and 
subsequently used a patient control analgesia (PCA) system 
with morphine 50 mg and droperidol 2.5 mg diluted to 
50 ml with 0.9% saline. The system was set to give a bolus 
injection of 1 ml (containing morphine 1 mg and droperidol 
50 ug) with a lockout period of 5 min and no background 
infusion. 

After giving written informed consent, preoperative 
variables including age, gender, weight, duration of symp- 
toms, operative indication and preoperative pain scores 
(VAS) were recorded. A baseline pain score was obtained 
from the patient using a 100-mm visual analogue scale 
(VAS) ranging from ‘no pain’ to ‘the worst pain I can 
imagine’. It was emphasized that we were collecting data 
on spinal pain only, not radicular symptoms. 

Operative variables recorded included the number of 
levels operated upon, the length of the incision, the duration 
of the operation, the grade of operating surgeon, whether 
the operation was unilateral or bilateral, and the dose 
of fentanyl. 

Outcome measures collected were pain scores (VAS), 
24 h morphine usage and length of stay. VAS pain scores 
were recorded at 3, 12 and 24 h by nurses blinded to the 
study drug. Again it was emphasized that we were scoring 
‘spinal pain not radicular symptoms. At 24 h, total morphine 
consumed during the postoperative period was read from 
the PCA machines and this was added to the morphine 
given in the recovery room to obtain 24 h morphine usage. 


Decisions on discharge were made according to strict criteria 
by doctors, physiotherapists and nurses blinded to study 
allocation. Patients were discharged when they were inde- 
pendent for self-care, fully mobile including the stairs, 
comfortable on oral non-opioid analgesics, and able to pass 
urine unaided. Decisions about patient discharges were 
made during a ward round on the morning immediately 
after surgery. 

Statistical analysis was undertaken with SPSS for Win- 
dows Version 8.0 on a personal computer. The three groups 
were compared with a one-way ANOVA or Kruskal-Wallis 
test for continuous variables as appropriate. The Bonferroni 
method was used to correct for multiple comparisons. 
Categorical variables were compared with the chi-squared 
test. To evaluate any dose~response relationship between 
study group and outcome, the chi-squared test for trend and 
polynomial linear contrasts (ANOVA) were used. Factorial 
analysis of variance was used to test the influence of certain 
preoperative factors on outcome. Pain scores at 24 h and 
total morphine consumption end-points were not normally 
distributed, so these variables were square root transformed 
prior to factorial analysis of variance and polynomial linear 
contrasts. The null hypothesis was rejected when P<0.05. 

Sample size was determined by an a priori power 
calculation based on our earlier study of patients undergoing 
lumbar spine surgery.! We felt the smallest clinically signi- 
ficant difference in VAS scores and morphine usage over 
24 h would be 15 mm and 15 mg, respectively. Three 
groups of 31 patients were sufficient to detect both these 
differences with an alpha error of 0.05 and a power of 80%. 


Results 


One hundred and two consecutive patients were approached 
to participate in the trial and all gave consent. Two patients 
suffered a CSF leak during the procedure and there was no 
PCA apparatus available for another three. On two occasions 
the protocol was violated when an analgesic (diclofenac) 
was prescribed as a part of premedication. None of these 
seven patients was randomized. Two patients were random- 
ized to triamcinolone 20 mg but did not complete the 
protocol. One became hypotensive and the morphine PCA 
was discontinued, and one was given diclofenac (an acci- 
dental protocol violation) during the first 24 h. These two 
patients were excluded from subsequent analysis. Ninety- 
three patients completed the trial and full data sets were 
available for all of them. 

Patient characteristics and preoperative pain scores for 
the 93 evaluable patients are shown in Table 1. The patients 
who received triamcinolone had a shorter duration of 
symptoms end lower preoperative pain scores than those 
who did net receive steroid. However, these differences 
were not statistically significant. 

Operative variables are ‘summarized in Table 2. The 
incision length was slightly longer in the group that did not 
receive steroid but this was not statistically significant. AH 
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Table 1 Patient characteristics, duration of symptoms and preoperative pain scores. Data are mean (sD or range) or number *One-way ANOVA. **Chi-squared 


No steroid Triamcinolone Triamcinolone P-values 
(a=31) 20 mg (n =31) 40 mg (n =31) 
Age (yr) 44.5 (23 3-78 5) 44.8 (22 7-69.7) 46.3 (24 0--76.6) 0 904* 
Sex (M/F) 18/13 17/14 12/19 0 264** 
Weight (kg) 741 (15) 74.6 (15.7) 78.3 (13.4) 0.484* 
Duration of symptoms (months) 16 8 (14 4) 13.8 (13) 11 96) 0 206* 
Preoperative pain score (mm) 529 (23 6) 44.3 (28.8) 38 2 (30.2) 0117" 


Table 2 Duration of surgery and details of surgical procedure Data are mean (sp) or number *One-way ANOVA. **Chi-squared, ***Kruskal~Wallis test 


No steroid Triamcinolone Triamcinolone P-values 
(n=31) 20 mg (a =31) 40 mg (n=31) 
Incision length (cm) 6.3 (2.6) 4.8 (11) 5.1 (2) 0 07*** 
Duration of surgery (min) 68 1 (28.8) : 62.4 (26.7) 62.4 (24.6) 0.656* 
Levels operated upon 1.2 (0.51) 11 (0.37) 1.1 (0.45) 0 623* 
Bilateral/unilateral 6/25 3/28 5/26 0 555** 








Table 3 Visual analogue pain scores (VAS), morphine usage and duration of hospital stay after lumbar spine surgery Data are percentage, mean (sp) or median 
(interquartile range). *One-way ANOVA. **Chi-squared ***Kruskal—Wallis test. ANOVA polynomial linear contrasts (square root transformation for 24 h pain 


scores and total morphine usage). $Chi-squared for trend 


No steroid Triamcinolone 
(#=31) 20 mg (a =31) 
VAS (3 b) 41.1 (26.2) 38.1 (25 6) 
VAS (12 h) 329 (187) 28 (20 8) 
VAS (24 b) 33 (20-59) 15 (6-34) 
24 h morphine 43 (27-73) 27 (17-43) 
usage (mg ) 
Length of stay (days) 1.48 (0.57) 1.22 (0.42) 
Discharged on first 54.8 TIA 


day after surgery (%) 


other measures of operative complexity of the three groups 
were comparable. 

Table 3 shows the outcome variables. There was no 
significant difference in pain scores at 3 or 12 h after 
surgery. Twenty-four hour pain score, 24 h morphine usage, 
length of stay and the probability of being discharged from 
hospital more than 24 h after surgery were all significantly 
lower in patients who had received triamcinolone than in 
those who had not (ANOVA). Post hoc analysis showed 
that both the groups which received 20 or 40 mg of 
triamcinolone were significantly different from the group 
that received no steroid (P<0.05), but they were not 
different from each other. Tests for trend show a significant 
linear dose-response relationship for all outcome variables 
except VAS at 3 and 12 h. The results for these two 
variables are only just outside statistical significance. 

Despite rigorous randomization, there were some interes- 
ting, albeit, non-significant differences between groups in 
terms of preoperative factors. In view of the lower preoperat- 
ive pain scores and shorter histories in those patients who 
received steroids (Table 1), additional statistical analysis 
was carried out to explore the possibility that preoperative 


Triamcinolone Between group Dose-response 
40 mg (n=31) differences relationship 
(P-values) (P-values) 
29.3 (19 4) 0.126* 0 056t 
23 6 (18.4) 0 174* 0 062t 
12 (3-24) ` 0 0005*** ooolt 
26 (21-39) 0.001*** 0007+ 
1.16 (0.37) 0 025*** 0 007+ 
83.9 0028** OO1LE 


differences in the study groups may have contributed to 
our findings. In a factorial analysis of variance with 24 h 
morphine consumption as the dependent variable, steroid 
group as a co-factor and both preoperative VAS score and 
length of history as co-variants, only the steroid group 
significantly predicted outcome. The same result was 
obtained when 24 h VAS was used as the dependent variable. 


Discussion 
The efficacy of epidural injection of steroids for selected 
patients with sciatica is well established. However, their 
use is not without risk and reported complications include 
infection? and paralysis.!° Extra-dural administration of 
triamcinolone with lidocaine in a cat model did not cause 
significant damage to neural tissues.!! Extra-dural adminis- 
tration of steroids after surgery to the lumbar spine reduces 
postoperative fibrosis in an animal model,!* and individual 
neurosurgeons have used steroids in this way for some 
years although the practice is not universal. 

Few studies have investigated whether triamcinolone can 
modify acute pain outwith the spine. Local injection of 
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steroid into the pillar of the fauces and the tonsil bed reduces 
pain after tonsillectomy.!? However, adding triamcinolone 
to bupivacaine did not reduce postoperative morphine 
consumption in men undergoing elective inguinal hernia 
repair under general anaesthesia.'4 Some small studies have 
evaluated the use of extra-dural steroids to relieve pain 
after spinal surgery. In a non-randomized study, Foulkes 
and Robinson reported that 22 patients who received wound 
irrigation with dexamethasone acetate suspension 16 mg 
after lumbar hemi-laminectomy or micro-discectomy used 
less narcotics than historic controls.!5> Ang and colleagues!® 
randomized patients to receive extra-dural dexamethasone 
4 mg or no steroid after ‘lumbar Jamino-arthrectomy’ and 
reported that the steroid group experienced less pain and 
requested less pentazocine than the controls. Our study 
confirms these findings and extends them to suggest a dose— 
response relationship with the higher 40 mg dose of 
triamcinolone giving the greatest reduction in pain scores 
and morphine usage. We found no statistically significant 
effect of triamcinolone at 3 and 12 h after surgery, although 
the pain scores at these times were lower amongst those 
patients who had received steroid. The smallest difference 
between groups was 9 mm at 12 h. If this was to be 
considered clinically significant it would have taken three 
groups of 85 patients to test the hypothesis that such a 
difference was statistically significant. 

Although the use of steroid after lumbar hemi-laminec- 
tomy or micro-discectomy has previously been shown to 
reduce hospital stay from an average of 8.7 to 6.4 days,!5 
the relevance of such findings to modern surgical practice 
with aggressive early discharge was unknown. We have 
demonstrated that triamcinolone offers a shorter stay in 
hospital and an increased chance of discharge on the 
first day after surgery when early discharge protocols are 
already routine. 

This prospective, randomized, controlled study has rigor- 
ously tested the hypothesis that wound infiltration with 
triamcinolone can reduce pain after surgery to the lumbar 
spine, and has demonstrated an effect which is both statistic- 
ally and clinically significant. In support of this finding is 
a dose-response relationship for all outcome variables. 
Additional work might usefully determine the optimum 
dose of triamcinolone, although this might require an 
unfeasibly large number of patients. 
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We measured breath interval to characterize the time course of oplold effect in anaesthetized 
patients breathing spontaneously during knee replacement surgery with concurrent regional 
nerve blockade. Breath interval was recorded before and after a single dose of fentanyl 
0.75 ug kg"! i.v. Breath interval was measured between the start of successive inspirations, 
identified by a decrease in carbon dioxide concentration, sampled at the laryngeal mask 
connection. Nineteen patients were admitted to the study, of whom nine were withdrawn 
(there was a recording failure for one patient, five patients had inadequate block and three 
were excessively depressed by the fentanyl). Using MKMODEL software, the mean (sD) dynamic 
elimination half-life and dynamic mean brain residence time of fentanyl were 15.3 (7.8) and 
24.1 (8.1) min, respectively. The times to detection of change from baseline, and peak effect 
of fentanyl on breath interval were 0.9 (0.6) and 5.2 (1.4) min, respectively. Breath interval 
increased from 2.9 (1.0) s to a maximum of 9.0 (5.7) s. There were no differences between 
the time course of changes in breath interval and end-tidal carbon dioxide concentrations. 
End-tldal carbon dioxide concentrations increased from a baseline of 6.6 (0.9)% to a peak of 
8.2 (0.8)%. Breath interval was a useful and reproducible method of monitoring the duration 
of opioid effect in anaesthetized patients breathing spontaneously when surgical stimulation 
was not affecting the CNS. The data provide information on the duration of action of fentanyl 


and could guide dosage. 
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The pharmacokinetics of opioid drugs have been reported 
widely! and are relatively straightforward to study by 
measuring opioid concentrations in serial blood samples 
after opioid administration. Although such studies provide 
useful information on the tıme course of opioid concentra- 
tions in the blood, they may not indicate the time course 
of the pharmacodynamic effects of opioids, because toler- 
ance can develop. 

Ideally, to study the duration of action of opioids in 
human subjects, relief of pain would be used to measure 
opioid effect. The pharmacodynamic features of the anal- 
gesic effect of opioid drugs have been described in animal 
models using analgesia as a variable. For example, stimula- 
tion of the tooth pulp of rabbits has provided information 
on the duration of analgesia in animals given fentanyl.” 
Other methods used to measure analgesia in human subjects, 
such as verbal rating scales and visual analogue scales, are 
imprecise? and not applicable to anaesthetized patients. The 
duration of opioid effect has been studied under anaesthesia* 
by measuring time required for fentanyl supplements during 
neurolept anaesthesia, based on clinical observations. 


In clinical practice, the analgesic effects of pure -opioid 
antagonists have never been separated from their depressant 
effects on the respiratory system. Although respiratory rate 
is a poor measure of respiratory function, it offers a method 
to study opioid effect using the reciprocal, the breath-to- 
breath interval. Respiratory rate 1s derived from the 
reciprocal of breath interval. 

Breath interval data may provide information on the 
duration of action of fentany! and a guide to dosing interval 
taken directly from a dynamic effect. 


Methods 


The study was approved by the Local Ethics Committee, 
and informed written consent was obtained the day before 
surgery. Nineteen patients were studied. All were admitted 
for elective total knee replacement surgery, an operation 
lasting 45-75 min. Patients were excluded from the study 
if their weight or any concurrent medical condition made it 
inappropriate to use the technique of spontaneous breathing 
through a laryngeal mask airway. 

All patients received temazepam 10 mg orally 1 h before 
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surgery. Anaesthesia was induced using propofol 2-3 mg 
kg"! i.v. A laryngeal mask airway was inserted into the 
pharynx and anaesthesia was maintained with isoflurane 
0.8% and nitrous oxide 67% in oxygen. 

Sciatic and three-in-one femoral nerve blocks were then 
performed using a nerve stimulator to guide needle place- 
ment. The femoral nerve, lateral cutaneous nerve of the 
thigh and obturator nerves were all blocked by injecting 
0.375% bupivicaine 20 ml next to the femoral nerve. When 
a current of <0.5 mA produced a visible twitch in the 
quadriceps femoris muscle, pressure was applied just distal 
to the needle and the bupivicaine was injected. The sciatic 
nerve was blocked via an anterior approach with 0.375% 
bupivicaine 20 ml, once a current of <0.7 mA produced 
visible dorsiflexion of the ankle. 

After insertion of nerve blocks, patients were transferred 
into theatre. Routine monitoring of the patient included 
sidestream analysis of the respiratory gases at the airway 
opening using a Capnomac Ultima (Datex, Helsinki, 
Finland). The analogue output of the carbon dioxide concen- 
tration was fed to an analogue—digital converter attached 
to a personal computer. A point on the downstroke of each 
carbon dioxide waveform was identified from analysis of 
the area under the curve. The time, in milliseconds, between 
each of these points was recorded as the breath interval. 
By digitizing the analogue output of the carbon dioxide 
monitor to derive the breath interval signal, no further 
influence on breathing was imposed beyond that used in 
routine clinical practice. 

Approximately 25 min passed between insertion of the 
peripheral nerve blocks and the start of surgery. This 
allowed the nerve blocks to achieve their maximal effect 
before painful surgical stimuli. During this time we meas- 
ured baseline breath intervals. 

After the start of surgery, a further 5 min were used to 
confirm that surgery was not associated with any alteration 
in baseline breath interval. Fentanyl 0.75 ug kg was then 
given as a single rapid i.v. injection while each successive 
breath interval was logged to personal computer. 

Patients were withdrawn from the study if their respiratory 
rate decreased to <6 b.p.m. or if their end-tidal carbon 
dioxide concentration exceeded 9%. 


Analysis 

Data obtained throughout the operation were plotted as 
breath interval against time. A representative example from 
one patient is given in Figure 1. Fentanyl was injected at 
time 0. Data points describe a curve resembling curves for 
blood or plasma concentrations obtained after absorption 
and elimination of a single dose of drug. We took data 
points after the peak to represent the elimination phase of 
opioid from the effect site. 

Pharmacokinetic analysis was not attempted. Breath inter- 
val provides no value for change in mass of drug; so 
clearance and volume of distribution cannot be calculated. 
MKMODEL)> was used as a convenient means of calculating 


Breath interval (s) 
w 





2 ~10 0 10 20 30 40 50 


Time In relation to fentanyl administration (min) 


Fig 1 Serial measurements of breath interval before and after fentanyl 
40 ug i.v. at time 0. Values before time 0 provide baseline. Breath interval 
did not return completely to baseline before surgery finished. 


the rate constant as breath intervals decrease from a max- 
imum back to baseline. It was configured to extrapolate 
curves to baseline, by dividing the last data point by the 
elimination rate constant, k, and thus to calculate the area 
under the curve and its first moment to infinity. The slope 
of the regression line through the latter two-thirds of the 
natural logarithm of breath intervals from peak to baseline 
gave k. The dynamic elimination half-life (4) of the opioid 
effect was calculated from t ln(2)/k. The mean residence 
time (MRT* of fentanyl in the effect site was also calculated 
from the ratio of the area under the first moment curve to 
the area under the curve. Both areas under the curve were 
extrapolated to zero. 

Mean and sp are used to describe group values of k, t 
and MRT. Times to onset and peak effect of breath interv 
and end-tidal carbon dioxide concentration were compared 
by analysis of variance. Statistical significance was accepted 
when P<0.05, 


Results 


Nineteen patients were recruited for study. Nine patients 
were withdrawn from analysis. In one patient, computer 
logging failed. In three patients, breathing slowed to <6 
b.p.m. or end-tidal carbon dioxide concentration increased 
to >9%, requiring ventilation to be assisted transiently. 
Five patients had more than usual pain after surgery; they 
had irregularities in their breath interval curves (Fig. 2) and 
were considered to have inadequate nerve blocks. The mean 
(range) age, mean (SD) weight and height of the remaining 
10 patients were 61 (27-84) yr, 71 (10) kg and 168 (9) cm. 
There were seven male patients. Patients received fentanyl 
53 (9) ug i.v., equivalent to fentanyl 0.74 (0.12) pg kg-l. 
The time between induction of anaesthesia and injection of 
fentanyl was 31 (14) min. 

A plot of successive breath intervals against time 
resembied a plot of blood concentration after absorption of 
a drug. In such curves, there is a lag before values change 
from baseline, then values increase rapidly to a maximum 
and decrease more slowly back to baseline (Fig. 1, Table 1). 

The time taken for breath interval to increase from 
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Breath intervals (s) 





~10 0 10 20 30 40 50 
Time in relation to fentanyl administration (min) 


Fig 2 Serial measurements of breath interval before and after fentanyl 75 
Lig iv. at time 0 Ineffective femoral three-in-one and sciatic nerve blocks 
prevented stable baseline breath intervals before tv fentanyl. Surgical 
stimuli: affected breath interval during the elimination phase. Data from 
this patient are not included ın analysis of qor MRT. 


Table 1. Rate constant of elimmation, mean remdence time and elimination 
half-life for breath interval after fentanyl 0 75 ug kg! Lv; breath interval and 
end-ùdal carbon dioxide concentrations after fentanyl, together with times from 
iv. fentanyl to change from baseline and from iv fentanyl to peak values 
(mean (SD), n=10) 


Breath Carbon 
interval dioxide 
Rate constant of elimmation (mun-!) 0.057 (0 030) 
Dynamic ehmination half-life (min) 15.3 (7 9) 
Mean residence time (min) 24.1 (8 1) 
Tume (min) 
from fentanyl ı v until change from baseline 09 (06) 13 (1.0) 
from fentanyl 1 v. to peak effect 52 (1.4) 6.7 (1.0) 
Baseline value 29(1.0)8 6.6 (0.9)% 
Peak value 905678 83(08)% 
10 « Breath intervals 






¢ End-tidal carbon dioxide 





Breath interval (s) and end-tidal carbon 
dioxide concentration (3) 
> 


-10 0 10 20 30 40 50 
Time in relation to fentanyi admunistration (min) 


Fig 3 Serial measurements of breath mterval(s) (lower trace) and end- 
tidal carbon dioxide concentration (%) (upper trace) after 1.v. fentanyl at 
time 0 


baseline to maximum was the same-as that for carbon 
dioxide (Table 1). The two variables appeared to change 
simultaneously. Correlation coefficients for the 10 patients 
between measurements of breath interval and end-tidal 
carbon dioxide concentrations were 68.6 (23.3)%. When 
breath interval increased there appeared to be a greater 
variation in successive breath intervals towards the peak 
value. No such changes were evident in the end-tidal carbon 
dioxide plot (Fig. 3). 


Discussion 

Breath interval was a reproducible method of measuring 
dynamic opioid effect. We calculated the dynamic MRT 
and dynamic elimination half-life of fentanyl. Coefficients 
of variation of these values in the group of 10 patients were 
51 and 34%, respectively. These results correspond closely 
with those from previous reports.! * This method of measur- 
ing the duration of opioid effect is easy to perform, non- 
invasive and does not require the measurement of relief 
from pain. Analgesic effects of pure p1-opioids in clinical 
practice have never been separated from respiratory effects; 
so the time course of changes in breath interval are likely 
to correspond with changes in analgesic effect. 

We calculated the dynamic MRT of fentanyl from the 
oral absorption model. Although given as a rapid i.v. 
injection the effect on breath interval is not immediate. 
This is analogous to the changes in blood concentration 
seen after oral, subcutaneous or i.m injection where initial 
absorption must occur. Fentanyl was injected rapidly into 
a peripheral vein. Circulation to the heart, temporary 
sequestration in the lung’ and time taken for uptake from 
cerebral circulation to the effect site in the brain could 
delay the onset of effect. However, even with these delays, 
peak effects were obtamed at 8 and 9 min for end- 
tidal carbon dioxide concentration and breath interval, 
respectively. 

In pharmacokinetic models, MRT equates to the mean 
duration of the presence of a drug within the body. In our 
dynamic model, we consider MRT to be the mean duration 
of drug effect. Breath interval was used as a signal of drug 
effect. The time to onset of drug effect and time to peak 
effect were the same for breath interval and end-tidal carbon 
dioxide concentration. Changes to both occurred in phase, 
suggesting that they indicate the same drug effect, rather 
than one responding to a change in the other. 

A measurement at each breath was sought to provide 
data to characterize the rapid onset of effect and recovery 
of a single iv. dose of fentanyl in clinical anaesthetic 
practice. Arterial blood sampling for gas analysis would 
not have been rapid enough. The ventilatory response to 
inhaled carbon dioxide is similarly intermittent. The ratio 
of tidal volume to breath interval measured in minutes 
would give a value for minute volume at each breath and 
take account of depth and frequency of ventilation. Tidal 
volume could have been measured at each breath, but i.v. 
fentanyl did not influence tidal volume in anaesthetized 
patients with spinal analgesia undergoing lower body surface 
surgery. Inspiratory flow was reduced while duration of 
expiration was increased.’ End-tidal carbon dioxide concen- 
tration is dependent on carbon dioxide production and lung 
mechanics, and is affected by sampling site, the mode of 
ventilation, anaesthetic circuit and gas flow, limiting tts 
usefulness as a physiological signal in these study condi- 
tions. Breath interval was measured from the carbon dioxide 
trace because it was easily identified, but it could equally 
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well be measured from chest dimensions or change in 
direction of flow at airway opening. After a single painful 
surgical stimulus, breath interval is transiently increased.’ 
In the presence of effective nerve blocks, breath interval 
after i.v. fentanyl showed a smooth transition from baseline 
to peak, then back to baseline (Fig. 1). With ineffective 
nerve blocks the breath interval plot became erratic (Fig. 2) 
and data were impossible to analyse in the manner described. 
Spinal or epidural anaesthesia could be used more effectively 
to interrupt transmission of a painful surgical stimulus to 
the central nervous system. Axial blockade was not available 
because of its association with increased urine retention: 
we wanted to avoid catheterization and the consequent risk 
of bacteraemia.'° 

Anaesthesia was maintained using a volatile anaesthetic 
agent and a nitrous oxide mixture in oxygen. Both drugs 
affect the respiratory rate.!! A change in ventilation caused 
by fentanyl will affect the uptake and alveolar concentrations 
of these agents and could affect respiratory timing. However, 
patients breathed through a laryngeal mask connected to a 
circle anaesthetic system into which a fresh gas flow 
delivered nitrous oxide 67% and isoflurane 0.8% in oxygen. 
Standardizing the concentrations of anaesthetic agents 
delivered was more practical than attempting to adjust the 
isoflurane concentration in the fresh gas to achieve a steady- 
state end-tidal isoflurane concentration. 

In summary, breath interval gave a method of calculating 
the time course of opioid effects. The dynamic opioid half- 
life obtained can guide the timing of a second dose of 


opioid in anaesthetized patients, when afferent surgical 
stimuli are blocked. 


References 


1 Foley KM. Opioids. Neurol Gin 1993; 11: 503-22 
2 Hess R, Herz A, Friedel K. Pharmacokinetics of fentanyl in rabbits 
in view of the importance for limiting the effect. J Pharm Exp Ther 
1971; 179: 474-84 
3 Syrjala KL, Chapman CR. Measurement of clinical pain: a review 
and integration of research findings. In: Benedetti C, Chapman 
CR, Moricca G, eds. Recent Advances in the Management of Pain. 
New York Raven Press, 1984: 71-101 
4 Holmes CM. Supplementation of general anaesthesia with narcotic 
analgesics. Br J Anaesth 1976; 48: 907-13 
5 Holford N. MKMODEL, 5th edn. Cambridge: Biosoft, 1994 
6 Cheng H, Gillespie WR, Jusko WJ. Mean residence time concepts 
for non-linear pharmacokinetic systems. Bropharmaceut Drug Depos 
1994; 15: 627-41 
7 Boer F, Bovill JG, Burm AGL, Hak A. Effect of ventilation on first- 
pass pulmonary retention of alfentanil and sufentanil in patients 
undergoing coronary artery surgery. Br j Anaesth 1994; 73: 458-63 
8 Drummond GB. Comparisons of decreases in ventilation caused 
by enflurane and fentanyl during anaesthesta. Br J Anaesth 1983; 
55: 825-35 
9 Sutherland RW, Drummond GB. Effects of surgical skin incision 
on respiration in patients anaesthetised with enflurane. Br J Anaesth 
1996; 76: 777-9 
10 Willlams A, Price N, Willett K. Epidural anaesthesia and urinary 
dysfunction: the risks in total hip replacement. J Roy Soc Med 
1996; 88: 699-701 
11 Jonsson LO, Wahlgreen C. Respiratory flow characteristics during 
Isoflurane/nitrous oxide anaesthesia. Acta Anaesthesiol Scand 1989; 
33: 331-5 


738 


British Journal of Anaesthesia 84 (6). 739-42 (2000) 

















Comparison of ketamine and morphine for analgesia after 


tonsillectomy in children? 


R. J. Marcus, B. A. Victoria, S. C. Rushman and J. P. Thompson* 


University Dept of Anaesthesia and Pain Management, Leicester Royal Infirmary, 
Infirmary Square, Leicester LEI 5WW, UK 


*Corresponding author 


ina double blind study we compared the effects of im. ketamine with morphine on postoperative 
analgesia in children undergoing tonsillectomy. Eighty children (aged 6—15 yr) were randomized 
to receive either i.m. morphine 0.!-0.15 mg kg”! or ketamine 0.5-0.6 mg kg™!, after induction 
of a standard general anaesthetic. Pain scores 30 min after extubation were higher (P<0.05) 
in the ketamine group, but were similar thereafter to the morphine group. Mean (sb) times to 
recovery from anaesthesia were 20.1 (sD 6.5) min in the ketamine group compared to 14.2 
(5.6) min in the morphine group (P<0.01). There were no differences in supplemental analgesia 
requirements, or the incidence of vomiting or dreaming between the groups. We conclude 
that ketamine 0.5 mg kg! im. may be an alternative analgesic for children undergoing 


tonsillectomy. 
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Postoperative pain is common after tonsillectomy; most 
children require some opiate analgesia, even when paracet- 
amol is given preoperatively.! However, opiates may cause 
respiratory depression, sedation, and nausea and vomiting. 
Non-steroidal anti-inflammatory drugs (NSAIDs) have been 
tried with variable results.'~ They may cause increased 
preoperative and postoperative bleeding, and it has been 
suggested that their use is avoided. 3 

Ketamine is a non-competitive antagonist at the N- 
methyl-p-aspartate (NMDA) receptor and has analgesic 
properties at sub-anaesthetic doses. NMDA receptors in 
the dorsal horn of the spinal cord are involved in central 
sensitization to painful stimuli, and ‘wind up’. Ketamine 
has been shown to reduce these effects in humans.” It 
therefore has potential as a perioperative analgesic and may 
reduce requirements for postoperative analgesia. A previous 
study showed that ketamine 0.5 mg kg™ given i.v. gave 
better pain relief than placebo in the first hour after surgery,® 
but there are no studies comparing ketamine with other 
analgesics in children. 

We therefore undertook a double blind, randomized study 
to compare the effects of ketamine and morphine on 
postoperative pain after tonsillectomy in children. 


Methods 


After study approval by the Leicestershire Medical Ethics 
Committee, 80 children (ASA grades 1 or 2, aged 6-15 yr) 


admitted as in-patients for elective tonsillectomy or tonsil- 
lectomy and grommet insertion were enrolled. Written, 
informed consent was obtained from a parent or guardian 
for participation in the study. 

Patients with a history of allergy to any of the study 
drugs were excluded. 

Children received topical EMLA cream to facilitate 
venous cannulation. A standardized general anaesthetic was 
used. Anaesthesia was induced with thiopental 5-7 mg kg"! 
or 1-3% halothane and 67% nitrous oxide in oxygen, if 
venous access could not be obtained. Succinylcholine 
1-1.5 mg kg! was used to facilitate tracheal intubation 
Anaesthesia was maintained with spontaneous ventilation 
of 1-2% halothane and 67% nitrous oxide in oxygen. 
Children were randomized by sealed, numbered envelopes 
to receive either ketamine 0.5-0.6 mg kg or morphine 
0.1-0.15 mg kg! (both drugs being undiluted, and in the 
smallest possible equivalent volume), administered i.m. into 
the anterolateral aspect of the thigh after induction of 
anaesthesia but before the start of surgery. A range of dose 
for each drug was available to permit accurate titration (to 
the nearest 0.1 ml) in the lowest possible equivalent volume, 
on a mg kg basis. In almost all cases, the drug dose at 
the lowest end of the possible range (1.e. ketamine 0.5 mg 
kg"! or morphine 0.1 mg kg!) was administered. Tonsil- 
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Table 1 CHEOPS pam score (range 4-13) 





No cty 

Moan or cry 

Scream 

Smiling 

Composed 

Grimace 

Positive 

None or other complaints 

Pam +/ or other complaints 

Neutral 
Shifting/tense/shivering/upright/restraned 
Not touching wound 
Reachmg/touching/grabbing wound/restrained 
Neutral 

Squimm/kicking/drawn up/tensed/restrained/standing/ 
crouching/kneeling 
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lectomy was performed by dissection and diathermy. At the 
end of surgery, anaesthesia was discontinued, tracheal 
extubation performed under deep anaesthesia and the child 
was transferred to the recovery ward. The anaesthetist, 
recovery room and ward nurses, and pain score observers 
were blinded to the identity of the study drug. The time to 
eye opening to command was noted. Pain was assessed by 
an independent observer, using both a five-point ‘faces’ 
scale (1=no pain, 5=highest pain score)’ and the Children’s 
Hospital Eastern Ontario Pain Scale (CHEOPS),® (range of 
scores 4-13) at 30, 60, 120 and 240 min after tracheal 
extubation (Table 1). Respiratory rate and incidence of 
nausea and vomiting were also recorded at these times. 
After 4 h, an enquiry was made as to the occurrence of 
any dreams or hallucinations. The time to first additional 
analgesia was also noted. A further dose of morphine 0.1 mg 
kg could be administered in the recovery room if the 
‘faces’ pain score was 5 and the CHEOPS was greater 
than 11. 

Any child receiving rescue analgesia was excluded from 
the analysis of pain scores. After return to the ward, 
additional analgesia (diclofenac 1 mg kg™ or paracetamol 
15 mg kg” orally) was available at the request of the child 
and the discretion of the nursing staff. Parents were asked 
to complete a questionnaire the morning following surgery, 
enquiring as to their child’s sleep and dreaming overnight 
and a subjective rating of overall pain relief. Parents of 
younger children tended to stay with the children overnight 
and answered questionnaires after direct observation of the 
children. Parents of older children based their answers on 
the children’s responses. 

Power calculations had indicated that 40 children would 
be required per group to detect a difference of 30% in faces 
or CHEOPS pain scores with a power of 90% (a=0.05, 
B=0.1). Data were analysed using Kruskal-Wallis ANOVA 
and Mann-Whitney U-tests for pain. scores, t-tests for 
parametric data, or chi-squared for categorical data. 


Results 


Eighty children were recruited, 40 patients in each treatment 
group. The groups were similar with respect to age, weight 
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Time after extubation 


Fig 1 Median. (25-75 centile) CHEOPS pain scores at 30 min, 1 h, 2 h 
and 4h after extubation Pain scores were higher at 30 min in the ketamme 
group but were similar thereafter to the morphine group. Median scores 
at certain time pomts coincide with values for either the 25th or 75th 
centile, **P<) 01. 
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Faces score 


Time after extubation 


Fig 2 Median {25-75 centile). ‘Faces’ pain scores at 30 min, 1 h, 2 h and 
4 h after extubation Pain scores were higher at 30 min in the ketamine 
group but were similar thereafter to the morphine group. Median scores 
at certain time pots coincide with values for either the 25th or 75th 
centile. *P=0.05. 


Table 2 Patient characteristics, duration of surgery, postoperative analgesia 
requirements, and incidence of vomiting and dreaming in the first 4 h after 
surgery, expressed as mean (SD or range) or number. *P<0.01 














Group Ketamine Morphine 
(n = 39) (n = 39) 
Age (yr) 10 3 (6-15) 9.8 (6-15) 
Weight (kg) 40 3 (16 5) 39 5 (17 2) 
Sex F M) 30,10 22 18 
Duration of surgery (mn) 20.8 (5 0) 21 2 (6.3) 
Time to awaken (min) 20.1 (6.6)* 142 (56) 
Rescue morphine required (n) I 1 
Postop analgesia required (n) 34 30 
Time to first analgesia (min) 118.9 (60 7) 125 2 (64 3) 
Incidence of vomiting (n) 22 19 
Incidence of dreaming (7) 3 2 


and duration of surgery (Table 2). One child in each group 
was excluded because of protocol violations. Mean (SD) 
time to awaken was significantly longer in the ketamine 
group (P<0.01). Both CHEOPS (Fig. 1) and ‘faces’ (Fig. 
2) pain scores were higher (P<0.05) in the ketamine group 
30 min after extubation, but were similar thereafter to the 
morphine group. There was a preponderance of females in 
the study as a whole and in the ketamine group, but further 
analysis showed no significant differences in pain scores 
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Table 3 Questionnaire results (number) assessing analgesia and sleep patterns 
dunng the first postoperative night 





Group Ketamine (n = 32) Morphine (n = 33) 
Good/excellent analgesia 23 20 
Slept worse than usual 15 18 
Bad dreams 1 2 
Good dreams 5 5 


between males and females, within or between the groups. 
One patient in each group required rescue morphine in 
recovery; the number of children requiring further post- 
operative analgesia, and mean times to first analgesia were 
similar. The incidence of vomiting and dreaming during the 
first 4 h after surgery was similar (Table 2). 

Mean (sD) respiratory rates were 20.5 (sp 4.3) min“ and 
19.2 (3.8) min=!, 30 min after extubation in the ketamine 
and morphine groups, respectively, with no significant 
differences between the groups over the study period. Sixty- 
five completed questionnaires were returned, 32 from the 
ketamine group and 33 from those who received morphine. 
There were no significant differences in sleep patterns or 
dreams between the groups in the first postoperative night. 
The numbers who felt pain relief to be good or excellent 
were also similar (Table 3). 


Discussion 

This investigation shows that pain scores were higher in 
the ketamine group at 30 min after extubation, but were 
similar thereafter to the morphine group. Requirements for 
additional analgesia and time to first request for analgesia 
were similar in each group. Only one child in each group 
required rescue morphine in recovery. Although initial 
(30 min) postoperative ‘faces’ pain scores were higher in 
the ketamine group, a significant proportion (15/38) were 
too drowsy to perform the scores, and these data may not 
be representative of the whole group. 

The incidence of adverse side effects, such as salivation, 
dreaming and hallucinations, has been a limiting factor in 
the use of ketamine in anaesthetic doses (i.e. >2 mg kg’). 
In this study, the incidence of bad dreams or hallucinations 
was low, and was similar in both groups, in accordance 
with previous data when low-dose ketamine has been used 
during anaesthesia.° ° In a population study, nightmares 
occurring once or twice weekly were reported in 3.1% of 
children aged 5-7 yr,!° but there are very few data docu- 
menting the incidence of dreaming in children after anaes- 
thesia. Dreaming is difficult to assess in children, and in 
the present study a structured postoperative questionnaire 
was used enquinng as to events during the day of surgery 
and first postoperative night. Notably, good dreams were 
reported in five patients in each group. A number of factors 
may contribute to sleep disturbance or dreaming after 
surgery, including preoperative anxiety or sleep deprivation, 
the unfamiliar hospital environment, and the effects of 
opioids and general anaesthesia. The incidences of good 


and bad dreams were similar in both groups. This suggests 
that the effects of low-dose ketamine are relatively unimport- 
ant in this context. 

We had anticipated that the incidence of vomiting might 
be reduced in the ketamine group, because of the avoidance 
of opioids, and vomiting has not been noted as a problem 
in previous reports using analgesic doses of ketamine. ° 
However, the incidence of vomiting was ~50%, simular to 
other studies of children undergoing tonsillectomy where 
no anti-emetics were given.!! !2 This may reflect the fact 
that the aetiology of nausea and vomiting is multifactorial 
in children undergoing tonsillectomy and that routine anti- 
emetic prophylaxis should be considered. 

The apparently long recovery times in both groups may 
have been related to the design of the study. Patients were 
extubated under deep halothane anaesthesia and the ‘time 
to awaken’ was defined as the time from extubation until 
the patient was able to open their eyes to command. 
Variation in the anaesthetic technique could have resulted 
in a more rapid recovery in both groups. However, recovery 
was significantly slower in the ketamine group which 
may be related to its pharmacokinetics. Maximum plasma 
concentrations occur 20-30 min after ketamine 0.5 mg kg ~! 
in adults, and the elimination half life is 155 min,” similar 
kinetic values to those of i.m. morphine. Maximum plasma 
concentrations of the active metabolite, norketamine, occur 
more than 1 h after i.m. ketamine.” Ketamine and norketam- 
ine have sedative effects, although marked sedation is 
unlikely at this dose. Alternatively, if intraoperative tachy- 
cardia had been associated with ketamine,* the inspired 
halothane concentrations might have been increased in the 
ketamine group, leading to a delay in recovery. However, 
these data are not available as intraoperative halothane 
concentrations were not systematically recorded. 

Murray and colleagues® showed that ketamine 0.5 mg 
kg“! provided better analgesia than placebo after tonsillec- 
tomy in children. However, they assessed pain relief only 
in the first hour after surgery and the benefit compared to 
placebo was small. This is the first study to compare 
ketamine with morphine, the standard analgesic used for 
pain relief after tonsillectomy. We did not include a placebo 
group, as we believe it to be unethical to provide no pain 
relief after tonsillectomy. Possible limitations of this study 
relate to the difficulties of pain assessment in children. 
However, we excluded children under 5 yr as this is the 
lower age for children to have adequate cognitive and 
communicative skills for self-reporting measures of pain. 
Including children having only tonsillectomy (not adeno- 
tonsillectomy) to standardize the surgical stimulus also 
resulted in a higher mean age in our study compared to 
other studies.” 3 This is likely to result in more reliable 
subjective pain scores. We chose to use the ‘faces’ scale 
rather than a visual analogue scale (VAS) as younger 
children may not understand proportionality and therefore 
may not use a VAS predictably. The use of observer-rated 
scores also facilitated repeated scoring, particularly in the 
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early postoperative period. The intervals between the ‘faces’ 
have not been shown to vary equally, but are rated consist- 
ently in order and there is adequate test-retest reliability. 
However, children may pick the face that they ‘like’ the 
best. The CHEOPS® is a behavioural scale developed for 
postoperative pain. Its primary disadvantage is that overt 
distress behaviour is not necessarily measured as a direct 
expression of the intensity or quality of the pain experienced. 
Behavioural scales consistently underscore those children 
who become quiet and withdrawn with pain. We have used 
both the faces and CHEOPS pain scales for this study to 
attempt to cross-validate the results from each, and both 
did show a similar pattern. Once the child had returned to 
the ward, provision of additional analgesia was left to the 
patients’ and nurses’ discretion. This may have led to 
unreliability in these data, but as pain scores were low and 
decreased with time, we were not able to provide a pain 
score trigger for this. 

Ketamine may be a good analgesic for patients undergoing 
tonsillectomy for obstructive sleep apnoea who may be 
sensitive to opioids, causing significant respiratory and 
airway problems. It has been recommended that opioids be 
used with extreme caution and only short-acting ones should 
be used if necessary.'4 Ketamine has less effect on airway 
patency and respiratory drive, and may be an ideal choice 
in these groups. We have not investigated the use of 
ketamine in combination with opiates or NSAIDs. It may 
have a place in low doses as an opiate sparing agent or to 
improve the initial analgesia provided by NSAIDs. However, 
the combination of ketamine and an opiate may cause 
excessive sedation or respiratory depression. Further studies 
in these areas are warranted. 

In summary, although pain scores were higher 30 min 
after extubation in the ketamine group they were similar 
thereafter; and there were no differences in numbers requir- 
ing, or time of first request for, postoperative analgesia. 
Ketamine may prove to be a useful alternative to morphine 
in children undergoing tonsillectomy. 
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Quality assurance data were collected prospectively for children who were sedated (n=922) 
or given general anaesthesia (n= 140) for magnetic resonance imaging (MRI) or computerized 
tomography (CT). The data included patient characteristics, concurrent medication, adequacy 
of sedation, adverse events and requirement for escalated care. The quality of scans was 
evaluated. Reasons for preselection of general anaesthesia Included previously failed sedation 
(28%), potential for failed sedation (32%) and perceived medical risk (14%). Hypoxaemia 
occurred in 2.9% of sedated children, and was more common In children classified as ASA Ill 
or IV. Sedation was inadequate for 16% of children and failed in 7%. Failed sedation was 
associated with greater age (P=0.009), higher ASA status (P=0.04) and use of benzodiazepines 
as sole sedatives (P<0.03). More of the children who underwent general anaesthesia were 
ASA Ill or IV than sedated children, yet the procedure was successful in all the children who 
underwent general anaesthesia, with one incident of laryngospasm. Excessive motion was noted 
in 12% of scans of sedated children and 0.7% of those completed with general anaesthesia. 
We conclude that sedation of children for MRI and CT Is associated with risks of hypoxaemia 
and of inadequate or failed sedation. These adverse events were more likely to occur in older 
children, those with a higher ASA status and those in whom benzodiazepines had been used 
as sole sedatives. For a preselected high-risk group of children, general anaesthesia may make 


MRI and CT scans more successful with minimal adverse events. 
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The number of diagnostic and therapeutic procedures done 
outside of the operating room has increased dramatically 
in recenti years. In children, most of these procedures 
require sedation, analgesia or both to achieve the degree of 
cooperation or immobilization necessary to complete these 
procedures successfully. While most of these procedures 
themselves pose little risk to the child, the administration 
of sedation or analgesia may add substantial risk.!® This 
may be particularly relevant for procedures, such as mag- 
netic resonance imaging (MRD, that could frighten the 
child, and therefore call for deep sedation. In a previous 
study, we found that 20.1% of children who were sedated 
for diagnostic procedures experienced an adverse event.! 
Of greatest concern was the 5.5% incidence of respiratory 
events; these were more likely to occur in children with an 
ASA status III or IV. The most frequent adverse event in 
our study, however, was inadequate sedation (13.1%), which 
resulted in failure of 3.7% of procedures. We also reported 
that older children were more likely to experience inadequate 


sedation and that failed procedures were most likely to 
occur during MRI and computerized tomography (CT) 
scanning. Of the children who experienced a failed proced- 
ure, some were rescanned following general anaesthesia, 
while in others the procedure was attempted again with 
sedation. Early identification of children who may be at 
risk for adverse events, including failed or inadequate 
sedation, may make it easier to predict patients for whom 
general anaesthesia would be safe and efficient and lead to 
a successful procedure. 

In some cases, general anaesthesia may be the only 
available way of making it possible to scan a child succes- 
fully. However, the use of general anaesthesia in these 
settings has been viewed as costly, impractical and ineffi- 
cient.’ While recent literature has highlighted the risks of 
sedation, little information is available about outcomes in 
children who undergo general anaesthesia before scans. The 
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aim of this study was to evaluate outcomes related to 
sedation and general anaesthesia for CT and MRI. Specific- 
ally, we sought to determine the incidence of adverse 
events, including inadequate or failed sedation, in children 
undergoing CT and MRI, and to identify risk factors for 
failed sedation in this sample. We also attempted to discover 
why primary care practitioners chose general anaesthesia 
to aid scanning, and to define the incidence of adverse 
events associated with general anaesthesia in these patients. 


Materials and methods 


This study was conducted in the MRI and CT diagnostic 
areas at the University of Michigan Health Care Systems, 
a tertiary care medical centre. With approval from the 
Institutional Review Board, all children (from birth to 18 yr) 
who underwent sedation or general anaesthesia for MRI or 
CT procedures from January 1997 to January 1998 were 
included in this observational cohort study. Children who 
were intubated or ventilator-dependent, or both, and those 
who were hospitalized before the procedure were excluded 
from the study. 


Sedation 


Institutional sedation guidelines based on recommendations 
by the American Academy of Pediatrics (AAP) were in 
place at the time of this study.!° In accordance with these 
guidelines, sedatives were ordered at the discretion of the 
child’s primary physician. Based on the child’s underlying 
medical history and physical examination, the nurse and 
radiologist reviewed the appropriateness of orders. Trained 
paediatric nurses in the diagnostic areas administered all 
sedatives and monitored the children throughout the proced- 
ure under the supervision of the radiologist. Monitoring 
included continuous pulse oximetry in every case. Arterial 
pressure was measured before and after the procedure, and 
more frequently at the discretion of the care-giver. Depth 
of sedation was assessed at least every 15 min by evaluating 
response to sound, verbal commands or tactile stimulation. 
Quality assurance tools! were prospectively completed by 
the nurse responsible for care of the child. Quality assurance 
data included patient characteristics and ASA physical 
status, significant medical history and physical examination 
findings. Procedural data recorded on the quality assurance 
tool included: medication(s) and their route of administra- 
tion, time from sedative administration to the start of the 
procedure, duration of the procedure and time to discharge 
(i.e. recovery). Children were discharged home when their 
vital signs had returned to baseline, their level of 
consciousness was close to baseline and they could maintain 
a patent airway. 

All adverse events were documented on the quality 
assurance tool in a check-box format as well as with 
narrative comments. Respiratory events included hypox- 
aemia (decrease in Spo, by 10% of baseline for =30 s), 
upper airway obstruction, pulmonary aspiration and 


respiratory arrest. Oversedation was defined as prolonged 
sedation (i.e. continuing for >30 min after the procedure 
had ended) or excessive depth of sedation that resulted in 
another adverse event or required prolonged monitoring or 
escalation of care, including admission to the post-anaesthe- 
sia care unit, emergency department or inpatient setting. 
Inadequate sedation was defined as difficulty in completing 
the procedure because of the child’s anxiety or inability to 
remain still. When the initial dose of sedative was too low 
to allow completion of the scan, additional doses of the 
same drug or a second agent were added at the discretion 
of the nurse and the radiologist after consideration of risk 
based on the child’s underlying medical history. The decision 
to abort the procedure was made on an individual basis in 
every case. These sedation failures were documented on 
the quality assurance tool. Adverse reactions to medications, 
such as nausea, vomiting or paradoxical reactions, were 
recorded. For all patients who experienced an adverse 
event, the following information was recorded: interventions 
required, patient outcomes related to the adverse event, and 
escalation of care, i.e. prolonged monitoring or unplanned 
admission into the hospital. 


General anaesthesia 

During this study period, quality assurance information was 
prospectively obtained from all children who underwent 
general anaesthesia for CT and MRI scans. The decision to 
use general anaesthesia was made by the primary care 
physicians, and the reasons for this decision were docu- 
mented. Decisions were based on guidelines developed 
by a multidisciplinary committee which recommended an 
anaesthesiology consultation for children at risk for sed- 
ation-related adverse events (such as airway abnormalities 
and underlying cardiopulmonary disease). Following 
informed consent, management for children who received 
general anaesthesia was at the discretion of the attending 
anaesthesiologist assigned to the care of the child. Care and 
monitoring were in accordance with mandates from the Joint 
Commision on Accreditation of Health Care Organizations 
(JCAHO) and ASA recommendations. Criteria used to 
determine whether children were ready to be discharged 
from the post-anaesthesia care unit after general anaesthesia 
were similar to those for sedation and also included adequate 
hydration and pain control. Quality assurance data were 
documented by the anaesthetist and included the same pre- 
procedure, procedural and recovery information as for 
sedated children. Adverse event data included airway com- 
plications on induction and emergence, hypoxaemia, pul- 
monary aspiration and respiratory arrest. Cardiovascular 
events included hypotension, arrhythmia and cardiac arrest. 
Adverse events and escalation of care as a result of the 
medication were documented as for sedated children. 

The quality of a random sample of MRI and CT scans 
was evaluated by a radiologist who was blinded to whether 
general anaesthesia or sedation had been used. These scans 
were scored using a three-point scale (1, no motion; 2, 
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Table 1 Reported sedative agents and adverse events Anxiolytic combination. chloral hydrate and benzodiazepine (n= 111), or chloral hydrate and benadryl 
(n=6) Analgesic-anxiolytic combination’ chloral hydrate and MS (n=6), or chloral hydrate and meperidine (n=1) The number of adverse events presented in 
the table ıs less than the total incidence of adverse events since the medicanons used were not reported in every case tP=0.004 compared with chloral hydrate 
as a single agent *P = 002 compared with chloral hydrate as a single agent **Mean (SD) doses of chloral hydrate and midazolam were 63 8 (167) + 0.1 


(0 05) mg kg” respectively 











Oxygen Airway 
desaturation 
Sedative (n) (n=27) (a=9) 
Single agents 
Chloral hydrate (679) 21 3%) 7 (1%) 
mean (sp), mg kg! 69 (9.9) 
Benzodiazepine (90) 1 (1%) 0 
mean (sp), mg kg 
Barbiturate (2) 0 0 
Multiple ageats 
Anxiolytic combination (117) 2 (2%) 1 (<1%) 
Analgesic—anxiolytic combination (7) 1 (14%) 0 





minor movement; 3, major movement making another scan 
necessary). The anaesthesia and sedation flowsheets in the 
medical records of a random sample of patients were 
reviewed to determine the validity of the quality assur- 
ance data. 


Statistical analysis 


Patient characteristics, medication doses and the incidences 
of adverse events were analysed using descriptive statistics 
and are presented as percentages or means (SD) where 
appropriate. The relationships between non-parametric vari- 
ables such as ASA status and incidence of adverse events 
were studied using chi-squared analysis or Fisher’s exact 
tests as appropriate. Continuous data, such as age, were 
compared using unpaired t-tests. For all comparisons, P 
values of 0.05 were considered statistically significant. 
Factors found to be significant by univariate analysis were 
entered into logistic regression models to determine their 
contribution to inadequate or failed sedation and to respirat- 
ory events. 


Results 


Nine hundred and twenty-two children (aged 4 (birth-18) 
‘yr; 53% male and 47% female) received sedation for CT 
(n=392) and MRI (n=530) during the study period. Fifty- 
three per cent were classified as ASA I, 39% as ASA II 
and 8% as ASA III or IV. Two-hundred and three children 
(22%) experienced an adverse event related to sedation, but 
all events were appropriately managed and the diagnostic 
procedure was successfully completed in 93% of cases. The 
description of sedative agents used and adverse events is 
presented in Table 1. 

Twenty-seven children (2.9%) experienced oxygen desat- 
uration. Of these, 21 had been given chloral hydrate as the 
sole sedative (28-78 mg kg), two had received chloral 
hydrate and midazolam, one midazolam alone, and one 
chloral hydrate and morphine. In two cases, the medica- 
tion(s) used were not recorded. In each case, the child 
returned to baseline saturation with interventions that 











Inadequate Oversedation Failed 

t sedation procedures 
(n=146) (a=4) (n=65) 
63 (9%) 4 (<1%) 26 (4%) 
62 (16 4) 95 (44 1) 60 1 (15.5) 
17 (19%)t 0 8 (9%)* 
0.09 (0 05) 0 099 (0.07) 
0 0 0 
59 (50%) 0 28 (24%)** 
1 (14%) 0 0: 


included: supplemental oxygen (n=17), repositioning of 
the airway (n=2) or both (n=7). One child returned to 
baseline saturation without any intervention. The respiratory 
event necessitated prolonged monitoring/observation at the 


-diagnostic site in two cases, and in the emergency depart- 


ment or the post-anaesthesia care unit in another two cases. 
One child was admitted overnight because of a continued 
requirement for supplementary oxygen. Four procedures 
were aborted as a result of the respiratory event, three of 
which were rescheduled to be done under general anaesthe- 
sia. Interestingly, 7% of children classified as ASA IM or 
IV experienced oxygen desaturation, compared with only 
3% of those classified as ASA I or It (P=0.03). However, 
a logistic regression model failed to find any variable that 
was predictive of respiratory events. 

Sedation was deemed inadequate for 146 children (50/ 
392 CT (13%); 96/530 MRI (18%)). One hundred and 
twenty-three (84%) of these children had received chloral 
hydrate as the initial sedative. Intravenous midazolam was 
added in an effort to complete the procedure in 59 (40%) 
children and morphine was added in one case. Seventeen 
children who were inadequately sedated had received intra- 
venous midazolam as the sole sedative. In six cases the 
medication(s) used was not recorded. Children in whom 
sedation was deemed inadequate were older than those with 
adequate sedation (4.9 (0.014-17.9) and 3.7 (birth-18.4) 
yr, respectively; P=0.001). Sedation was inadequate more 
commonly for children classified as ASA I-IV than for 
those classified as ASA I-II (24% and 15%, respectively; 
P=0.04). Sixty-four procedures were aborted as a result of 
failed sedation (13/392 CT (3.3%); 51/530 MRI (9.6%)). 
Of these, 11 (17%) were rescheduled to be done with 
sedation and 41 (64%) with general anaesthesia. For the 
remaining 12, it was not reported what course would follow. 
The interval between failed and rescheduled scans ranged 
from 2 to 77 days. Children whose sedation failed were 
older than those with successful procedures (5.1 (0.05— 
17.9) and 3.8 (birth-18.4) yr, respectively; P=0.009). The 
ASA status of children whose sedation failed was not 
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significantly different from that of children with successful 
procedures (10.3% ASA II-IV and 7.8% ASA IID. Age 
and ASA physical status were entered into a logistic 
regression model to determine their value as predictors of 
inadequate or failed sedation. Of these factors, age was the 
only variable predictive of inadequate sedation (P=0.0005) 
and of failed sedation (P=0.004). 

Thirty-four children experienced medication-related 
adverse events, which included: nausea and vomiting (n= 
12), paradoxical reaction (n= 19), inadvertent drug overdose 
(n=2) and drug-related rash (n=1). Of the children who 
received the drug overdose (chloral hydrate 160 mg kg! in 
both cases), one required prolonged monitoring in the post- 
anaesthesia care unit and the other in the diagnostic area. 
Neither of these children experienced respiratory problems. 

During the study period, 140 children (aged 4.6 
(0.083-15.9) yr; 54% male and 46% female) underwent gen- 
eral anaesthesia for CT (n=25; 18%), MRI (n=112; 80%) or 
both procedures (n=3; 2%). Of these, 39 (28%) required 
general anaesthesia as a result of a previously failed sedation. 
Twenty-six (18%) children were selected to have general 
anaesthesia because the primary physician thought that the 
child would be unable to cooperate and 18 (13%) because the 
procedure was expected to be lengthy. In addition, 19 (14%) 
children had an underlying medical condition (e.g. sleep 
apnoea, difficult airway, multiple allergies) that may have 
made sedation riskier. In 38 (27%) cases, the reason for 
selecting general anaesthesia was unclear. Given these selec- 
tion criteria, more children who underwent general anaesthe- 
sia were classified as ASA II-IV than those who received 
sedation during this same period (18% compared with 8%; 
P=0.0006). A significantly greater proportion of children 
who required general anaesthesia underwent an MRI scan 
compared with those who were sedated (82% and 57%, 
respectively; P<0.0001). 

At the discretion of the responsible anaesthesiologist, gen- 
eral anaesthesia was induced via the inhaled route using 
halothane or intravenously using propofol or thiopental and 
maintained with isoflurane with or without nitrous oxide. 
Patients were allowed to breathe spontaneously via a laryn- 
geal mask airway or endotracheal tube, or were placed on a 
ventilator depending on their medical history. One child in 
this sample experienced laryngospasm and oxygen desatura- 
tion on the way to the post-anaesthesia care unit. This child 
was given succinylcholine and required bag and mask ventila- 
tion, but subsequently recovered uneventfully. One other 
child with a history of an underlying seizure disorder had a 
seizure on emergence that resolved without intervention. 

Table 2 shows the time taken to induce sedation or general 
anaesthesia and the durations of the procedure and the recov- 
ery period. The time to onset of procedure was significantly 
longer in children who were inadequately sedated than in 
those who had been sedated successfully (52 (26) and 37 (17) 
min, respectively; P<0.0001). Children who experienced 
failed sedation took longer to recover than those whose pro- 
cedures were completed successfully (40 (21) and 24 (19) 


min, respectively; P<0.0001). The quality of 165 diagnostic 
images was reviewed and demonstrated that general anaesthe- 
sia resulted in less motion artefact than sedation (Table 3). 
A random sample of medical records (n==65) was selected 
to evaluate the reliability of the quality assurance data. Only 
one (1.5%) of these 65 medical records indicated a respiratory 
event that was not reported on the quality assurance tool. One 
sedation record indicated that nausea and vomiting occurred 
after the child had been given chloral hydrate with his oatmeal. 
The remaining records were consistent with the quality assur- 
ance documentation and reported adverse events in 24 cases. 


Discussion 

MRI and CT procedures themselves pose little risk to chil- 
dren, but sedation or general anaesthesia~when used to facili- 
tate these procedures—may add substantial risk. Indeed, the 
present study found a 2.9% incidence of hypoxaemia and a 
failure rate of 7% in children who received sedation for these 
procedures. In contrast, the procedure was successful in all 
of the children who received general anaesthesia during the 
study period, with one incident (0.7%) of laryngospasm, 
despite the higher risk characteristics of these children. In 
all children, adverse events were promptly recognized and 
managed appropriately, resulting in no long-term sequelae. 
These findings probably reflect the impact of recent changes 
in sedation practices based on AAP guidelines!’ and regu- 
latory agency (i.e. JCAHO) mandates.!! 

Previous investigators have highlighted the risk of life- 
threatening adverse events related to sedation of children for 
diagnostic and therapeutic procedures.” !? 13 Of greatest 
concern is the risk of respiratory depression and hypoxaemia 
that may have potentially long-term consequences. One pre- 
vious study found an 89% incidence of oxygen desaturation 
in children who were sedated for gastrointestinal endo- 
scopy.!4 In the present study, we found a relatively low incid- 
ence of cxygen desaturation (2.9%). Similar to previous 
reports, respiratory events were more likely to occur in chil- 
dren with an ASA status II or IV than in those of ASA I or 
IL. 1516 The low incidence of respiratory events in our sample 
may, in part, be explained by the fact that only 8% of children 
with ASA III or IV underwent sedation, These findings sup- 
port the recommendations of the AAP that children with ASA 
II-IV require additional and individual consideration. While 
the incidence of these events was low, the majority required 
intervention (airway management ın nine cases) and four 
procedures had to be aborted as a result of the event; three of 
these were rescheduled to be done with general anaesthesia. 
No respiratory event resulted in long-term sequelae, probably 
because of appropriate monitoring and early intervention in 
all cases. Despite the low incidence of respiratory events, 
their life-threatening nature underscores the importance of 
personnel trained in airway management being present. This 
recommendation is supported by Sury and colleagues who 
reported a <1% incidence of oxygen desaturation in 1155 
children who were sedated for MRI by nurses trained in 
sedation and airway management.!” 
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Table 2 Duration (in minutes) of procedure and recovery times in the two groups (mean (sD)) 


Time period Sedation group 
MRI 

Procedure onset time 42.4 (19.7) 

Duration of procedure 47 (26.1) 

Recovery tıme 28 8 (18 8) 


General anaesthesia group 


cT MRI cT 

36 (18.4) 23.1 (115) 194 (126) 
174 (113) 82.5 (43.3) 544 (449) 
195 (212) 70 (34 1) 59.9 (36 9) 


Table 3 Quality of MRI and CT scans in the sedation and general anaesthesia groups (n (%)) 


Sedation group (7 == 80) 


MRI (n = 60) 
No motion 40 (67) 
Little motian 13 (22) 
Motion requiring repeated scan 7 (12) 


General anaesthesia group (n = 85) 


CT (n =20) MRI (n =67) CT (n=18) 
17 (85) 56 (84) 18 (100) 

3 (15) 10 (15) 0 

0 10) 0 





Although not life-threatening, inadequate sedation remains 
a significant clinical problem. This outcome can be costly 
in terms of quality of the scan, increased personnel time, 
variability in onset of sedative action resulting in downtime 
of the scanner, lost revenue from failed procedures, and incon- 
venience to patients and families. Indeed, we found that the 
quality of scans was not optimal in 29% of sedated cases. 
Furthermore, the time from administration of sedatives to 
initiation of procedure was significantly longer in children 
who experienced inadequate sedation. Inadequate sedation 
led to 63 failed procedures which, if successful, would have 
been billed at approximately $1200 h!. These failures, there- 
fore, resulted in a significant loss of revenue to the institution. 
Several of these failed procedures were rescheduled with 
sedation or general anaesthesia, compounding the charges to 
the institution and third-party payers. Lastly, the costs to 
patients and families in terms of travel time, repeated trips to 
the hospital, lost work time and, perhaps most importantly, 
delayed diagnosis are immeasurable. It is therefore important 
to identify those at risk for inadequate or failed sedation to 
permit use of alternative techniques of sedation or even gen- 
eral anaesthesia 1f necessary. 

As we and other investigators have reported previously,! !8 
sedation was more likely to be inadequate or fail in older 
children. In our sample, the majority of children received a 
single sedative agent for their scan; this produced adequate 
sedation in 90% of cases. However, 5% of all cases for which 
a single drug was used were aborted because of inadequate 
sedation. Of the children with failed sedation who received 
chloral hydrate as a sole agent, all had received a dose within 
the recommended range (50-90 mg kg™!, maximum 
2000 mg). Interestingly, a previous study has suggested that 
the dose of chloral hydrate should be based on age, resulting 
in larger doses for older children.'9 It is unclear whether such 
a dosage adjustment would have reduced the incidence of 
failed sedation in our sample. Compared with chloral hydrate, 
when a benzodiazepine was used alone, sedation was more 
likely to be inadequate and to result in a failed procedure. In 


some cases, a second drug was not added, presumably because 
of a perceived increased risk. Indeed, previous investigators 
have reported a greater risk of sedation-related adverse events 
when multiple sedatives were used.? 1? We also found that 
sedation was more often inadequate in children with ASA 
status II or IV than in those with ASA I or I. This may reflect 
a reluctance to administer larger doses or multiple sedative 
drugs to these patients perceived to be at increased risk related 
to sedation. Variability in response to the initial sedative agent 
may require titration of a second agent to the desired effect 
in some instances. Of the children in our sample who received 
a second sedative agent in an attempt to complete the scan, 
77% were scanned successfully. The incidence of respiratory 
and other adverse events was no different with the use of 
single or multiple agents. These data suggest that, in selected 
children, addition of a second drug may aid the completion 
of scans without increasing risk. 

The use of general anaesthesia to aid diagnostic and thera- 
peutic procedures has been viewed as costly, associated with 
high risk and inefficient.”° Indeed, Squires and colleagues 
reported that general anaesthesia added $1200 to the cost of 
gastrointestinal endoscopic procedures.? During our study 
period, general anaesthesia was used to aid MRI and CT scans 
in 140 children. In the majority of these cases, the primary 
physician had chosen general anaesthesia as the initial inter- 
vention because of the potential for a failed procedure or a 
perceived increased risk of adverse events resulting from 
underlying conditions such as congenital heart defects or 
airway abnormalities. The children who received general 
anaesthesia were, therefore, a higher risk group than those 
who received sedation as evidenced by their higher ASA 
status. Yet these children experienced few adverse events 
from general anaesthesia. Of greatest concern was the incid- 
ent of laryngospasm that occurred on the way to the post- 
anaesthesia care unit. Prompt recognition and aggressive 
intervention averted potential long-term consequences of this 
event which underscores the need for continued monitoring 
of all children who receive general anaesthesia even during 
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transport. Furthermore, depending on the location of the pro- 
cedure, it may be prudent to allow these patients to recover 
at the diagnostic site before transport. 

We were unable to make direct comparisons between chil- 
dren who received sedation and those who received general 
anaesthesia since it was not possible to randomize children 
to either group. Children who underwent general anaesthesia 
were preselected, based upon high risk in some cases and 
expected duration of the procedure in others, and, as a result, 
statistical comparisons between groups would have been 
inappropriate. In general, however, general anaesthesia 
appeared to be more efficient in terms of time to onset of the 
procedure, but resulted in a longer duration of recovery in the 
hospital. The increased costs associated with administration 
of general anaesthesia may, therefore, include added costs 
related to recovery. Although general anaesthesia may cost 
more to administer than sedation, in our patients it helped 
scans to be completed with negligible movement and a low 
incidence of adverse events. The costs of general anaesthesia 
fora selected high-risk group of patients may be offset to some 
extent by the increased costs related to failed procedures. 

One limitation of this study is related to the self-report bias 
inherent in the method of data collection. To minimize this 
bias, we reviewed a random sample of medical records in 
each group. Not surprisingly, we found <100% compliance 
with the required documentation and with institutional sed- 
ation guidelines. Of the records available for review, only 
one had a documented respiratory event that was not reported 
on the quality assurance tool, and one reported non-compli- 
ance with institutional nil-by-mouth guidelines for sedated 
patients. While this review supports the reliability of our data, 
we emphasize that the incidence of adverse events reported 
here was probably lower than the true incidence of adverse 
events from sedation and general anaesthesia. 

Our data demonstrate that sedation of children for MRI 
and CT is associated with risks of hypoxaemia, inadequate 
sedation and failed sedation, and support the use of stringent 
guidelines to enhance the safety of sedated children. A higher 
ASA status was significantly related to the incidence of 
hypoxaemia and inadequate sedation. Greater age and the use 
of benzodiazepines as sole sedatives were associated with a 
higher incidence of failed sedation. These data support the 
need for careful selection of appropriate candidates for sed- 
ation and additional and individual consideration for children 
with a high ASA status. Furthermore, our data suggest that 
general anaesthesia is a safe alternative to facilitate MRI and 
CT scans in children perceived to be at increased risk for 
sedation-related adverse events or for those with a history of 
failed sedation. 
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Bispectral index (BIS) was assessed as a monitor of depth of anaesthesia during fentanyl and 
midazolam anaesthesla for coronary bypass surgery. In 10 patients given morphine premedica- 
tion, anaesthesia was induced with a combination of midazolam and fentanyl and thereafter 
maintained with a continuous Infusion of a mixture of midazolam and fentanyl 5 and 50 ug 
kg! h7!, respectively. BIS was recorded continuously but not shown to the attending 
anaesthetist. Plasma concentrations of midazolam and fentanyl were measured five times during 
the procedure. An auditory stimulus was given during bypass. All patients were interviewed 
twice after operation for explicit and Implicit recall. No patient had any anaesthetic complications. 
BIS decreased during anaesthesia, but varied considerably during surgery (range 36-91) with 
eight patients having values >60. Midazolam and fentanyl drug concentrations did not correlate 
with BIS. No patient reported explicit or implicit recall. During clinically adequate anaesthesia 
with midazolam and fentanyl BIS varies considerably. The most likely reason is that BIS is not 


an accurate measure of the depth of anaesthesia when using this combination of agents. 
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Patients about to undergo general anaesthesia may fear that 
they will be aware of the operation and be able to remember 
it afterwards. Awareness with recall is rare, though, occur- 
ring in about 0.2% of patients undergoing anaesthesia for 
general surgery.! A greater incidence, >1%, has been 
reported during cardiac surgery.” 

The bispectral index (BIS), derived from bispectral ana- 
lysis of the electroencephalogram, has recently been intro- 
duced to monitor the depth of anaesthesia. Ideally such a 
monitor should measure the depth of anaesthesia irrespective 
of the anaesthetic agent(s) used or the type of surgical 
procedure. We investigated the clinical value of BIS during 
fentanyl and midazolam anaesthesia for coronary artery 
bypass grafting (CABG) using cardiopulmonary bypass 
(CPB). A standardized auditory stimulus was presented 
at predetermined times during CPB and patients were 
interviewed for explicit and implicit recall. Plasma concen- 
trations of fentanyl and midazolam were measured. 


Methods 


Ten patients with a mean age of 69 yr (range 50-83 yr) 
and scheduled for elective CABG surgery were studied 


after approval from the hospital ethical committee and 
informed consent. All patients were seen the day before 
surgery and informed about the study and its objectives. 
They were told that a sound (not specified in detail) would 
be presented during anaesthesia that they would later 
be asked to recall. About an hour after intramuscular 
premedication with morphine 5-15 mg, anaesthesia was 
induced with midazolam 0.05 (0.03-0.12) mg kg" and 
fentanyl 10 (7—12) ug`!. Pancuronum 0.1 mg was given 
as a muscle relaxant to facilitate endotracheal intubation 
A continuous infusion of fentanyl and midazolam was 
started (5 and 50 ug kg” hr, respectively) and maintained 
until completion of surgery; supplementary doses of fentanyl 
or midazolam were given at the discretion of the anaesthetist 

Standard procedures were used for CPB. Core temper- 
ature was reduced or was allowed to drift to 34°C. An 
auditory stimulus (100 dB, duration 60 s) was presented 
five times during CPB. BIS (Aspect Medical Systems; 
version 3.12, Natick, MA, USA) was measured continu- 
ously; the attending anaesthesiologist was not shown the 
output values. 
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Fig 1 Bispectral index at various times during coronary bypass surgery 
(n=10). 1, before induction; 2, sternotomy, 3, heparin; 4, start of bypass; 
5, end of bypass; 6, skin closure 


Table 1 Plasma drug concentrations (median (range)) and bispectral index 
(BIS) dunng bypass surgery (n= 10) 


Time during Midazolam Fentanyl BIS (no. of patients) 
procedure (ng mr) (ng mrt) (ae ne Se ata E 
<60 >60 >75 
Before induction 0 0 0 10 10 
Sternotomy 78 (49-133) 5.0 (3.7-7.8) 6 4 0 
Hepann 102 (52-158) 64(3.4-11.9) 7 3 1 
Start of bypass 90 (54-113) 48 (2.8-7.8) 5 5 2 
End of bypass 94 (55-145) 49(3.0-66) 7 3 l 
End of surgery 103 (87-122) 5.2 (3.2-102) 6 4 1 


Blood samples were drawn from the radial artery catheter 
before induction, at sternotomy, when heparin was given, 
at the start, middle and end of CPB, and at skin closure. 
Samples were stored in a freezer for blinded, batch analysis. 

Patients were interviewed on each of the first 2 days 
after the operation using a fixed predefined questionnaire. 
At the first interview they were asked to describe their 
experience of anaesthesia. At the second meeting the patients 
were also asked specifically about recall of any special 
sound. They were given a number of associative proposals. 
If there was still no recall, the actual sound was presented 
and the patients were asked again for recollections from 
the surgical procedure. 


Results 


The 10 patients studied had mean (SD) body weight of 78 
(13) kg. All patients had an uncomplicated surgical course, 
with a mean surgical time 158 (19) min and mean anaesthesia 
time 198 (35) min. Haemodynamic measurements were 
stable. 

All patients were awake and fully oriented at arrival in 
the operating theatre and at induction BIS was between 96 
and 99. BIS decreased in all patients with induction, but 
during surgery it varied between 36 and 91. Almost 40% 
of BIS values at the time of blood sampling were >60 
(Table 1, Fig. 3). 





O 20 40 60 BO 100 120 140 160 180 200 
Plasma concentration of midazolam (ng mi~’) 


Fig 2 Bispectral index plotted against midazolam plasma concentration 
(ng mt!) during bypass surgery (n= 10). 
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Fig 3 Bispectral index plotted against fentanyl plasma concentration (ng 
ml!) during trypass surgery (n=10). 


Only two of the 10 patients studied did not have BIS 
values or >60 at some point during surgery. The BIS values 
in each subject during anaesthesia varied, with a range that 
was as small as 15 or as large as 50 (median range was 30). 

No drug accumulation occurred. The median plasma 
concentrations of fentanyl and midazolam did not change 
during anaesthesia (Table 1). Plasma drug concentrations 
varied widely between individuals. BIS did not correlate 
with fentanyl (r?=0.13) or midazolam plasma concentration 
(7?=0.034; Figs 2 and 3). In individual patients, there was 
no correlation between drug plasma concentration changes 
and BIS. 

No patients reported explicit recall of intraoperative 
events at interview on the first or second day after operation. 
No patient could recall the acoustic stimulus presented 
repeatedly during CPB, either after given strong associations 
or when actually hearing it. 


Discussion 
General anaesthesia is a state of pharmacologically induced 
depression of the central nervous system causing uncon- 
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sciousness. Anaesthesia is not an on-off phenomenon but a 
continuum, a gradual depression of cognitive and autonomic 
functions. Most anaesthetics cause a dose-dependent 
increase in anaesthetic depth. Many hypnotics and anaes- 
thetics also cause varying degrees of amnesia.? Recollection 
of a stimulus requires an initial activation of the sensory 
system, central processing of the information and, finally, 
retrieval of information. The memory process can be separ- 
ated into explicit or conscious learning and implicit or 
unconscious retrieval of information. 

Awareness with explicit recall of intraoperative events is 
a feared complication of general anaesthesia with potentially 
serious adverse psychological sequelae.* The incidence of 
explicit awareness with recall after general anaesthesia is, 
however, small: about two per thousand patients.' Implicit 
processing has been shown to be less affected by general 
anaesthesia than explicit memory processing and may 
continue subconsciously during clinically adequate anaes- 
thesia.> Implicit intraoperative awareness and postoperative 
recall of auditory stimuli have been reported in up to half 
of patients undergoing cardiac surgery with opiate and 
benzodiazepine anaesthesia. 7 

Most studies of recall suggest that hearing is one of the 
most receptive sensory channels for perception during 
general anaesthesia.’ ° Although explicit recall, especially 
of pain and paralysis, is a serious complication, adjusting 
anaesthetic depth to preserve implicit processing of auditory 
information could be useful. Several studies suggest new 
therapeutic possibilities with implicit processing! that 
would need carefully titrated depth of anaesthesia however 
this places additional demands on monitoring. 

The ideal monitor of depth of anaesthesia should be able 
to measure accurately different degrees of anaesthetic depth, 
such as the transition from wakefulness to unconsciouness, 
loss of explicit as well as implicit memory processing, loss 
of motor response to surgical stimulation and loss of 
autonomic response. Furthermore, all common anaesthetics 
should be comparable on the same scale. Bispectral analysis 
of the electroencephalogram can estimate the hypnotic 
effects of propofol and halogenated agents. BIS has been 
, proposed to be a useful monitor during cardiac surgery with 
CPB!! when the usual haemodynamic responses and signs 
such as sweating or tear production are less dependable 
markers of anaesthetic depth. In addition, the requirement 
for early extubation in some patients would make such a 
monitor useful to avoid excessive anaesthesia. BIS may 
also be useful in determining the degree of sedation in 
intensive care patients. !* 

Anaesthesia for coronary surgery is frequently based on 
a combination of a large dose of an opioid with a hypnotic 
or a volatile agent. In this study a combination of fentanyl 
and midazolam was used and anaesthesia was adjusted 
according to clinical needs at the discretion of the anaesthesi- 
ologist. Midazolam and fentanyl have a synergic effect on 
cognitive depression. In studies of the interactions between 
fentanyl and sevoflurane, and fentanyl and propofol, a 


maximum effect for fentanyl occurs at a plasma level of 
about 3—4 ng ml-!.!3-5 The plasma concentrations in the 
present study were greater than this, but with large differ- 
ences between patients, and considerably less than those 
found in the study by van der Maaten and colleagues of 
patients having cardiac surgery.!© The large variation in 
plasma concentrations we found supports the observations 
of van der Maaten and colleagues who also found a two to 
threefold variation when using midazolam and an opioid.!¢ 
The midazolam and fentanyl concentrations throughout 
the procedure did not differ from their initial values, 
demonstrating that the continuous drug infusion technique 
provides unchanged drug concentrations during CPB and 
that no drug accumulation occurs during the procedure. 

The considerable variation in BIS observed here is, in 
some respects, similar to that found during sedation of 
intensive care patients.!* In our study BIS not only varied 
considerably but was, in general, surprisingly large. Such 
values are associated with a great likelihood of awareness 
and the capability to follow command.!7 !8 A BIS value of 
<60 is often regarded as the criterion for adequate anaes- 
thesia, while a value of >70 is frequently seen during 
awakening.!® Several factors may have led to the observed 
variation in BIS. Hypothermia may have affected the BIS 
Measurements during bypass, as discussed by Doi and 
colleagues.!? Cardiac surgery with profound hypothermia 
affects electroencephalographic recordings because of 
changes in conductance,'? but our patients were operated 
on at 34°C and gave no problems with recording apart from 
during diathermy. Furthermore, the variability was present 
both before and after the bypass period. The variability 
may, of course, be explained by inadequate depth of 
anaesthesia. Although we detected no apparent awareness 
during surgery, and although haemodynamic measurments 
were stable, muscle relaxants, beta-blocking drugs and 
blood volume changes could have masked many of these 
clincial indicators of adequate anaesthesia. No patient 
reported recall when actively interviewed on two occasions 
after operation, even though auditory stimuli are resistant 
to suppresion by fentanyl and midazolam anaesthesia. No 
consistent decrease in BIS was found with increasing 
plasma concentrations of either drug. The most plausible 
explanation for the high BIS values seems to be that BIS 
reflects anaesthetic depth less accurately when fentanyl and 
midazolam are used as anaesthetics. We have shown in a 
previous study that increasing concentrations of nitrous 
oxide have no effect on BIS,”° and addition of fentanyl to 
propofol anaesthesia causes large BIS values.2! ? The 
weak correlation between decreasing BIS and an increasing 
fentanyl concentration supports results obtained in 
volunteers.” 

As discussed above, no patient recalled events during the 
operation. The timing of, and technique for, evaluating 
awareness and recall have considerable impact on the 
results.! The lack of any explicit recall in this study with 
so few patients is not surprising, as explicit recall is 
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infrequent.! The lack of implicit recall of the auditory 
stimulation during surgery, which should be detectable even 
in the small number of patients in this study, confirms the 
adequacy of the anaesthetic depth. Technique and time of 
stimulation are important for implicit memory testing.” 

In conclusion, this study has shown that although anaes- 
thetic depth was adequate and no recall was reported, 
BIS varied widely and values that are usually related to 
excessively light anaesthesia or wakefulness were occasion- 
ally observed. BIS did not correlate with midazolam and 
fentanyl plasma concentrations. A measurement such as 
BIS should, ideally, be suitable for determining the depth 
of anaesthesia for all anaesthetics on a common scale. For 
coronary surgery with fentanyl and midazolam anaesthesia, 
the BIS algorithm too often underestimates the depth 
of anaesthesia and does not accurately reflect plasma 
concentrations. Administering more anaesthetic to try to 
decrease large BIS values would result in an excessive 
depth of anaesthesia with delayed awakening and, perhaps, 
haemodynamic instability. BIS may be well suited to 
predominantly hypnotic drugs, but it is not useful for 
the midazolam—fentanyl combination commonly used for 
cardiac surgery. 
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We measured the haemodynamic effects of changing from the supine position to the lateral 
decubitus (lateral) position, and then to the kidney rest lateral decubitus (kidney) position In 
12 patients undergoing nephrectomy under Isoflurane anaesthesia. Eight control patients 
undergoing pulmonary surgery remained In the lateral position. The lateral position produced 
no significant changes. In the kidney position, however, significant reductions occurred In the 
mean arterial (P<0.01), right atrial (P<0.05) and pulmonary artery wedge pressures (P<0.01). 
There were also significant reductions in cardiac Index (from 3.04 (sp 0.21) to 2.44 (0.26) litre 
min“! m, P<0.01) and stroke volume index (from 40 (5) to 31 (5) ml beat! m7, P<0.01). 
The systemic vascular resistance Index increased significantly (P<0.05). Cardiac output was 
probably reduced by a decrease in venous return and an increase In systemic vascular 


resistance. 
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Postural changes during anaesthesia can cause haemo- 
dynamic changes with decreases in arterial pressure and 
cardiac output. For example, the head-up or sitting position 
can reduce cardiac output.‘ However, the effects of the 
lateral decubitus position (lateral position) on cardiac output 
in awake non-pregnant patients are not clear.+? Little 
attention is paid to the effects of the lateral position on 
cardiac output in healthy subjects other than pregnant 
women. We know of only one report on the effect of the 
lateral position in anaesthetized subjects, but measurements 
were not made in the supine position.!° The kidney rest 
lateral decubitus position (kidney position) is commonly 
used during surgery, and no reports have studied the effects 
of this position on circulatory variables that might be 
affected by general anaesthesia. 

In the kidney position, patients are placed on their side 
and arched over a ‘kidney rest’ ın the table with the lower 
hip flexed. The kidney position, therefore, could cause some 
blood pcoling in the lower extremities. In addition, a ‘kidney 
rest’ and flexion of the trunk could compress the large 
blood vessels. The reduced venous return would decrease 
the filling pressure and cardiac output. 

We examined the haemodynamic effects of changing 
from the supine position to the lateral position, and then to 


the kidney position in patients under isoflurane anaesthesia. 
We also examined the haemodynamic effects in a time- 
control group, who were kept in the lateral position a longer 
time to show that the changes in the kidney position were 
not caused by the passage of time. 


Patients and methods 


Institutional and ethics committee approvals were obtained, 
and all participants gave their informed consent. Twenty 
adult patients (ASA physical status I and I) were included in 
this study. Twelve of them were scheduled for nephrectomy 
(kidney group), and the other eight were scheduled for a 
lung operation (lung group). In the kidney group, six of the 
12 underwent nght nephrectomy, and the other six under- 
went left nephrectomy. None of them had cardiovascular 
diseases or received any medication with haemodynamic 
effects. The patients were premedicated with hydroxyzine, 
50 mg im., 1 h before the induction of anaesthesia. 
Venous and radial arterial cannula were inserted during 
preoxygenation. Anaesthesia was induced with midazolam, 
0.08 mg kg™!, and fentanyl, 2 ug kg", i.v., and with inhaled 
isoflurane and nitrous oxide in oxygen via a semi-closed 
system. After intratracheal application of 5 ml of 4% 
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lidocaine, orotracheal intubation was performed using vecu- 
ronium as a muscle relaxant. Anaesthesia was maintained 
with 0.8% end-tidal isoflurane and 50% nitrous oxide in 
oxygen. Ventilation was controlled with a tidal volume of 
8-10 ml kg! to maintain the Paco, between 35 and 
40 mm Hg. 

A thermodilution pulmonary arterial catheter was placed 
via the right internal jugular vein after the induction of 
anaesthesia. Chest x-rays were performed to check the 
position of the catheter. With the patient in the supine 
position, pressure transducers were referenced to the mid- 
axillary line at the fourth intercostal space; while the patient 
was in the lateral position, the transducer was placed level 
with the junction of the fourth intercostal space and the 
midsternal line. This is the left atrial level in the lateral 
position, as described by Kennedy et al.'! Continuous 
monitoring of PEo, PEco, and the end-tidal isoflurane 
concentration was performed at the tracheal tube with the 
Datex Capnomac (Datex, Helsinki, Finland). The ECG 
and the arterial and venous pressures were continuously 
monitored and recorded. 

Measurements were made first with the patient in the 
supine position. Then all patients were placed in the lateral 
position on a flat table. In the kidney group, six of the 12 
were placed in the right lateral position, and the other six 
were placed in the left lateral position. A small support 
was placed just caudal of the dependent axilla to lift 
the thorax enough to relieve pressure on the axillary 
neurovascular bundle and to prevent disturbed blood flow 
to the hand. The dependent leg was flexed at the hip and 
knee to stabilize the torso, and a head support and leg 
pillows were added. The second set of measurements was 
made 5 min after changing the position to lateral. 

In the kidney group, patients were then placed in the 
kidney position (Fig. 1). In this position, the dependent 
iliac crest is over the hinge between the back and thigh 
sections of the table, and an elevated rest (kidney rest) is 
used under this crest. The table top was angulated by 30° 
to increase the amount of lateral flexion and improve access 
to the kidney. The third set of measurements was performed 
5 min after this change of position. In the lung group, the 
patients remained in the lateral position, and the third 
measurements were performed to see if the changes after 
moving to the kidney position were simply caused by the 
passage of time. The third measurements in the lung group 
were taken 10 min after the second measurements because 
the third measurements in the kidney group were performed 
about 10 min after the second measurements. 

Lactated Ringer’s solution was infused at a rate of 
20 ml kg! h until the first measurement, and the rate of 
infusion was kept to a minimum during the measurements. 
The haemodynamic variables measured in all patients were 
systolic and diastolic arterial pressures, right atrial pressure 
(RAP), pulmonary artery systolic and diastolic pressures, 
pulmonary artery wedge pressure (PAWP), cardiac output 
(CO) and heart rate (HR). We calculated the mean arterial 





Fig 1 The kidney rest lateral decubitus position. The lower iliac crest 1s 
over the hinge between the back and thigh sections of the table, and an 
elevated rest (kidney rest) 1s used under this crest The table top was 
angulated with patients’ hips flexed 30° vertically to increase the amount 
of lateral flexicn and improve access to the upper kidney. A small support 
was placed just caudal of the lower axilla to lift the thorax enough to 
releve pressure on the axillary neurovascular bundle and to prevent 
disturbed blood flow to the hand The lower leg was fiexed at the hip and 
knee to stabilize the torso, and a proper head support and leg pillows 
were added 


pressure (MAP), pulmonary artery mean pressure (PAMP), 
cardiac index (CI, stroke volume index (SVD, systemic 
vascular resistance index (SVRI) and pulmonary vascular 
resistance index (PVRI). Cardiac output was measured 
using the thermodilution technique. Three measurements 
were made in each position using 10 ml of rapidly injected 
iced saline and the three measurements were averaged. To 
avoid the influence of ventilator cycles, measurements were 
performed at end-expiration. 


Statistical analysis 


Data are expressed as mean (SD). Data analysis was per- 
formed on ¢ Power Macintosh using Excel 98 and Stat View 
(Version 5). Patients’ characteristics were compared using 
unpaired t-test between groups. Haemodynamic measure- 
ments in each position were compared using two-way 
analysis of variance followed by Duncan’s method between 
and within groups. Values were considered statistically 
significant when P<0.05. 


Results 


Patients’ characteristics were similar in the two groups 
(Table 1). In the kidney group, the postural change from 
the supine position to the lateral position produced no 
significant changes in the haemodynamic values (Fig. 2). 
After the patients were placed in the kidney position, 
significant reductions in MAP, RAP, PAMP and PAWP 
were observed, and there was a significant reduction in CI 
and SVL HR did not change significantly during the 
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Fig 2 The effect of the postural change on haemodynamic measurements in the kidney and lung groups Measurements were made first with the patient 
in the supme position (Supine). Then the patients were placed ın the lateral decubitus positron for the second measurements (Lateral) followed by the 
kidney rest lateral decubitus position (Kidney) ın the kidney group or the lateral decubitus position (Lateral) ın the lung group for the third measurements 
HR, heart rate, MAP, mean arterial pressure; RAP, nght atrial pressure; PAWP, pulmonary artery wedge pressure; CI, cardiac index, SVI, stroke volume 
index; SVRI, systenuc vascular resistance index, PVRI, pulmonary vascular resistance index. Values are mean (SD), n=12 (the kidney group), n=8 
(the lung group) *P<0 05 vs Supine and Lateral, **P<0 01 vs Supine and Lateral, {P<0.05 vs the lung group, {{P<0.01 vs the lung group. 


Table 1 Patient characteristics Values are mean (sD or range) [95% confidence 


terval} N shamans positions and between the right and left kidney positions. 
Oo ee Oe ee a ee n thie lung group, the haemodynamic values did not change 

Kidney group Lung group significantly throughout the measurements (Fig. 2). Between 
Mithun... Re the kidney and the lung groups, there were significant 
Age ome cai gien wonen) 56 ae [50-62] 60 (8) ee differences in the third measurements with regard to RAP, 
Height (cm) 164 (8) [159-169] 162 (8) [155-169] | PAWP, CI, SVI and SVRI. 
Weight (kg) 64 (9) [58-70] 64 (9) [56~72] 

Discussion 


measurements. After changing to the kidney position, SVRI Turning the patients from the lateral to the kidney position 
but not PVRI increased significantly. The haemodynamic caused significant haemodynamic changes. These changes 
variables were similar between the right and left lateral did not occur after changing from the supine to the lateral 
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position, and maintaining the lateral position for extra time 
did not cause any significant change in the haemodynamic 
variables. These findings indicate that the kidney position 
itself has a significant effect on haemodynamic changes. 

To determine the effect of the kidney position, Pansard 
et al.!? measured arterial to end-tidal carbon dioxide tension 
differences [Pa-ETco,] during anaesthesia. They admunis- 
tered anaesthetic agents as required to avoid variations in 
MAP >10% of stabilized values. The kidney position 
caused a significant increase in Pa-ET¢o,. They speculated 
that right filling pressure or CO, or both, which were not 
monitored, may have decreased because changes in either 
of these two variables can induce alterations in alveolar 
dead space.}3 14 

Our results clearly show that CO decreased in the kidney 
position. Although we could not assess how the kidney 
position decreased CO, one mechanism would be a reduction 
in the venous return. The kidney position places the heart 
at a hydrostatic level above the lower extremities, which 
can reduce the venous return to the heart. In addition, the 
‘kidney rest’ and flexion of trunk may have compressed 
the great vessels in the abdomen and disturbed the venous 
return. The decrease in RAP and PAWP in the kidney 
position indicated a reduction in the venous return and the 
resultant decrease in the preload. Although the changes in 
RAP and PAP were significant, they were quite small, and 
it is unlikely that the reduction of preload was the only 
factor contributing to the decrease in CO. Our results 
showed that the increase in SVRI was also significant and 
this could certainly contribute to a reduction in CO. It 
seems likely that the combination of a decrease in the 
preload and an increase in the afterload resulted in a 
reduction in the stroke volume and CO, thereby leading to 
a decrease in MAP. Echocardiography and central aortic 
pressure monitoring to assess cardiac preload, afterload 
and cardiac function would be helpful to confirm these 
possibilities. 

In the conscious subject, reflex increases in HR and/or 
SVR would compensate for the decrease in MAP. In the 
present study, however, HR did not change significantly 
during the postural changes indicating that autonomic 
reflexes were not sufficient. Baroreflex sensitivity 1s pre- 
served at 0.5 MAC isoflurane but diminished at 1.0 MAC 
isoflurane,!> and midazolam!® and fentanyl] also depress the 
baroreflex.!? Although we administered only small doses 
of midazolam and fentanyl about 30 min before the measure- 
ments and maintained anaesthesia with 0.8% (0.67 MAC) 
isoflurane, these drugs might influence the baroreflex. 

There are conflicting data about the effects of the supine 
and lateral positions on CO in non-pregnant human subjects. 
Investigators have used different techniques to measure 
CO or have studied patients in different haemodynamic 
circumstances.*® Atkins et al.,5 using impedance plethys- 
mography, and Newman et al.,’ using a Doppler flowmeter, 
showed that CO was higher in the supine than in the left 
or right lateral positions. However, Ueland et al.,* using 


dye dilution, found that CO was similar in the supine and 
lateral positions. Using thermodilution, Whitman et al.® and 
Doering and Dracup® reported a slightly higher CO in the 
left lateral than in the supine or right lateral positions, but 
their findings were based on data obtained from patients 
immediately after cardiac surgery. 

Recently, Lange et al.,? using thermodilution, observed 
that CO was similar in the supine and lateral positions in 
patients whose haemodynamics were stable. Our data, 
obtained with a thermodilution technique during general 
anaesthesia, showed that CO was similar in the supine and 
lateral positions. In haemodynamically stable patients, the 
lateral position had no clinical effect on haemodynamic 
variables, even under general anaesthesia. We also found 
similar measurements in the right and left lateral positions. 
Recently, Fujise et al.!° reported that MAP, RAP, PAMP 
and PAWP in the right lateral position were greater than in 
the left lateral position, but they did not make measurements 
ın the supine position. We speculate that there could have 
been differences between subjects ın the supine position. 

In the supine position, we placed the transducer at the 
level described by Winsor and Birch.!® In the lateral 
position, we used the reference level descnbed by Kennedy 
et al.!! With chest roentgenography, the left atrial level was 
identified anteriorly at the fourth intercostal space along 
the midsternal line in the lateral position. Using the lateral 
left atrial levels, Kennedy er al.!! detected no significant 
difference between PAP recorded with patients in the lateral 
position and pressure recorded with patients in the supine 
position. On the anterior—posterior view of chest 
roentgenogram in the supine position, the right atrium is at 
almost the same position as the left atrium, that is, at the 
fourth intercostal space along the midsternal line. We believe 
that the fourth intercostal space along the midsternal line 
will be the reference level of RAP in the lateral position. 

In conclusion, our results show that the kidney position 
during isoflurane anaesthesia causes a significant reduction 
in CO and MAP. 
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We studied global and splanchnic haemodynamics In patients with septic shock, while reducing 
norepinephrine doses by progresstve fluid loading administration. Ten patients (six female, four 
male, aged 39-86 yr, mean 61 yr) were assessed using a transpulmonary thermo-dye dilution 
technique to measure cardiac output, intrathoracic blood volume and total blood volume. 
Splanchnic blood flow was measured by the steady state indocyanine green technique using a 
hepatic venous catheter. Gastric mucosal blood flow was estimated by regional carbon 
dioxide tension (PRco,). Hydroxyethylstarch was Infused in two stages while maintaining 
mean arterial pressure, allowing a reduction in norepinephrine dose from 0.54 to 0.33 to 
0.21 ug kg! min™!. Mean (sp) heart rate significantly decreased, from 104 (13) to 94 (15) 
beats min™!. Total blood volume index (mean (s)) Increased from 2650 (638) to 3655 (885) ml 
m*, intrathoracic blood volume index from 888 (204) to 1050 (248) ml m? and cardiac index 
from 3.6 (1.0) to 4.0 (0.9) litres min“! m. Splanchnic blood flow did not change significantly- 
either absolute (from 0.81 to 0.98 litres min“! m°?) or fractional (from 22.3% to 23.9%). 
Gastric mucosal (PRco,) increased from 7.5 (2.5) to 9.0 (2.8) kPa. The Pco, gap, i.e. the 
difference between regional and end-tidal Pco2, Increased from 3.1 (2.5) to 4.0 (2.9) kPa 
Marked individual varlation in responses suggests that norepinephrine dose reduction by fluid 
loading in patients with stabilized septic shock does not necessarily increase global or splanchnic 


blood flow. 
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Vasopressors are often needed to maintain adequate perfu- 
sion pressure in patients with septic shock. Norepinephrine 
increases urine output in patients with septic shock and 
hypotension.' It may improve splanchnic perfusion, when 
compared with epinephrine or dopamine.* > However, it is 
widely accepted that volume status should be restored 
before using vasopressors, and fluid resuscitation of patients 
with sepsis or septic shock is often guided by the principle 
of minimizing the need for vasopressor therapy. 

In general, sufficient fluids should be given to 
maximize cardiac output. However, assessment of a 
patient’s volume status and cardiac preload is difficult. Using 
information obtained by pulmonary artery catheterization to 
assess cardiac preload may not improve outcome. Other 
clinical features may be useful to guide fluid therapy. If 
norepinephrine requirements can be reduced by fluid load- 
ing, then a pre-existing fluid deficit may have been present. 
We therefore investigated whether fluid loading and a 


decrease in norepinephrine infusion (maintaining mean 
arterial pressure constant) could improve global and regional 
blood fiow and oxygenation in patients with successfully 
stabilized septic shock. 


Patients and methods 


After approval by our institutional review board and 
informed consent from each patient’s next-of-kin, we 
prospectively studied 10 patients (six female, four male, 
aged 39-86 yr (mean 61 yr)) who had abdominal sepsis 
and septic shock according to the criteria of the ACCP- 
SCCM consensus conference.’ The mean (SD) simplified 
acute physiology (SAPS I) score® was 48 (9) and sepsis- 
related organ failure assessment (SOFA) score? was 13 
(1). Patients were sedated according to body weight with 
fentanyl 0.4-0.6 mg h, dehydroperidol 5.0-7.5 mg h 
and midazolam <15 mg bh”. In each patient, doses of 
sedatives remained unchanged during the study period. 
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Global and splanchnic haemodynamics in sepsis 


All patients were mechanically ventilated in a pressure- 
controlled mode (Evita 4; Draeger Werke, Luebeck, 
Germany) and PEEP (10-15 mbar) was adjusted indivi- 
dually according to blood gas monitoring. Airway 
pressures remained unchanged throughout the study. In 
this study, dobutamine doses were kept constant (mean 
3.75 ug kg! mint) and only the norepinephrine was 
reduced to keep mean arterial pressure constant. No other 
vasopressors were used. 

For haemodynamic monitoring, a femoral artery sheath 
was inserted in each patient. A 4 French flexible catheter 
with an integrated thermistor and fibre optic (Pulsiocath 4F, 
PV 2024L; Pulsion Medical Systems, Munich, Germany) 
was advanced through the sheath into the abdominal aorta. 
Intrathoracic blood volume (TBV) and total blood volume 
(TBV) were calculated using a computer system (COLD- 
Z021; Pulsion Medical Systems, Munich, FRG). In this 
method, ITBV is calculated by the mean transit time 
approach and TBV by back extrapolation of the aortic 
indocyanine green (ICG) dilution curve.!° Each bolus injec- 
tion used cooled (46°C) ICG (Pulsion Medical Systems) 
2 mg ml! (15 ml per bolus). To verify results, each bolus 
of ICG was followed by two injections of cooled saline. 
All bolus injections were manual and not related to the 
ventilatory cycle. 

A hepatic venous catheter (7.5 French five-lumen pulmon- 
ary artery catheter, Edwards Swan Ganz, CCO/SvO,, Model 
744H 7.5 F; Baxter Healthcare Corporation, Irvine, CA, 
USA) was inserted from the right internal jugular vein 
under fluoroscopic control for continuous measurement of 
oxygen saturation (ShvO,). The correct position of the 
catheter was verified before and after each study. 

Splanchnic blood flow was evaluated by the steady-state 
ICG (Pulsion Medical Systems) dye technique. Plasma ICG 
concentrations were assessed spectrophotometrically at a 
wavelength of 805 nm. Hepatic ICG extraction (E) was 
calculated from the equation 


E(%) = (arterial -- venous ICG concentration)/arterial ICG 
concentration 


and hepatic blood flow (Qsp) from the equation! 


Qsp = ICG infusion ratexICG infusate concentration/ 
(arterial - venous ICG concentration) x (1-haematocrit) 


Arterial and hepatic, venous blood gas samples were 
immediately analysed for measurement of oxygen and 
carbon dioxide tensions, pH, haematocrit, haemoglobin 
concentration, haemoglobin saturation, lactate and glucose 
levels (Radiometer System 625, Copenhagen, Denmark). 
Hepatic lactate and glucose exchange were calculated as 
the product of splanchnic blood flow multiplied by the 
difference between the liver venous and arterial concen- 
trations. 

For the measurement of venous pressures, patients were 
in the horizontal position and not disconnected from the 
respirator. As well as continuous measurement of arterial 


and liver venous blood pressures, we recorded central 
venous pressure, ITBVI, TBVI, and transpulmonary thermo- 
dilution cardiac output. Gastric mucosal (PRco,) was meas- 
ured with a 16 French tonometric probe (Trip NGS catheter; 
Tonometrics Division, Helsinki, Finland). The patients did 
not receive enteral nutrition or antacids during the study 
period. Because of Boerhaave syndrome in patient 6 and 
erosive gastritis in patient 8, (PRco,) was not obtained for 
those two patients. Systemic oxygen delivery (DoI) was 
calculated from the equation 


Dol = (haemoglobin concentration Xoxygen saturation X 
1.36 + oxygen partial pressureX0.0031)CI 


Systemic oxygen consumption (VO,I) was measured using 
a metabolic cart (Deltatrac II; Datex-Engstrém, Helsinki, 
Finland). No calorimetric data could be obtained for patient 
1 because of technical problems. 


Study plan 

Following a first ICG bolus of 30 mg, a continuous ICG 
infusion was started (37.5 mg h`). After 20, 25 and 30 min 
of infusion, arterial and hepatic venous blood samples 
were taken to confirm steady-state conditions of ICG 
concentrations. After 30 min of ICG infusion, baseline 
haemodynamic measurements were made. Then fluid was 
given in two steps by using 200 kDa hydroxyethylstarch 
10% (HAES 10 steril; Fresenus AG, Bad Homburg, 
Germany). Haematocrit was kept constant throughout the 
study by transfusion of packed red blood cells. The 
norepinephrine dose was adjusted to keep mean arterial 
pressure constant. The whole study lasted 4 h, and haemo- 
dynamic measurements were obtained at baseline and after 
2 and 4 h. 


Data analysis 


All results are expressed as mean (SD). For between- 
individual comparison, values were normalized (indexed) 
by body surface area derived according to DuBois. 
Statistical analysis was performed using an analysis of 
variance for repeated measurements and all-pairwise 
multiple comparison procedure (Student-Newman—Keuls 
method, SigmaStat). P<0.05 was taken as statistically 
significant. 


Results 


Global haemodynamic and regional splanchnic oxygena- 
tion variables are summarized in Tables 1 and 2. In the first 
and second steps, respectively, 765 (233) and 705 (222) ml 
of hydroxyethylstarch were infused. Both fluid administra- 
tions caused a significant increase in total blood volume 
and it was possible to reduce norepinephrine doses with- 
out altering mean arterial pressure. To maintain a stable 
haematocrit, each patient received 2 units of packed red 
blood cells (each 300 (30) ml) during the 4 h period. Heart 
rate decreased significantly from 104 (13) to 94 (15) beats 
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Table 1 Results for global haemodynamic and oxygen transport variables (n=10) Paco, arterial oxygen tension; Fio, inspiratory oxygen fraction; Paco» 
arterial carbon dioxide tension; HES, hydroxyethylstarch. Norepinephrine doses are presented as mean (median) and 25th—75th percentiles, *Significantly 


different from baseline value (P<0.05), tsignificantly different from the value at 2 h (P<0.05) 











Baseline 2h 4h 

Heart rate (beats min~}) 104 (13) 99 (15) 94 (15)*+ 
Artenal pressure (mm Hg) 

Systolic 129 (10) 132 (11) 128 (12) 

Diastolic 64 (9) 62 (9) 63 (10) 

Mean 84 (9) 84 (8) 83 (9} 
Venous pressure (mm Hg) 

Central 1 (5) 15 m 20 (8t 

Hepatic 13 (6) 18 (7)* 24 (8)*+ 
Intrathoracic blood volume (ml m°) 888 (204) 1005 (263)* 1050 (248)* 
Cardiac index (litres ma! m?) 3.6 (0.8) 4.1 (07) 40 (0.9) 
Stroke volume index (ml m~?) 66 (21) 76 (14)* 78 (17)* 
Total blood volume index (ml n?) 2650 (638) 3143 (734)* 3655 (885)*t 
Systemic vascular resistance (dyn s cem% m°) 1650 (328) 1381 (227)* 1310 (247)* 
Extravascular lung water (ml kg!) 8 4 (4.0) 7.9 (40) 8.5 (3.8) 
Pag, (kPa) 12.81 (3.85) 13.90 (4.11) 12.84 (4.82) 
Fio, (%) 34 (3) 35 (4) 36 (5) 
Paco, (kPa) 5.21 (0.47) 5.57 (0 60)* 6.03 (0.57)*t 
Systemic oxygen delivery (ml mn? m7) 525 (108) 553 (126) 540 (154) 
Systemic oxygen consumption (ml min! n?) 139 (28) 144 (27) 140 (26) 
Haematocnt (%) 33 (5) 31 (3) 33 (3) 
Norepmephrine (pg kg! min) 0.54 (0.25) 0.33* (0.12) 0.21* {0.06) 

0.18-1.01 0.10-0.66 0.06-0.43 

HES infusion volume (ml) 765 (233) 705 (222) 


Table 2 Splanchnic haemodynamic and oxygen transport vanables (n=10) ICG, mdocyanme green, Pstgo,, end udal carbon dioxide tension Values for 
fractional splanchnic blood flow are presented as mean (median) and 25th~75th percentiles. Hepatic lactate and glucose exchange were calculated by multiplication 





of the c venous—artenal concentration difference and splanchnic blood flow. *Significantly different from baseline value (P<0.05), tsignificantly different 
from value at 2 h (P<0.05) 

Baseline Zh 4h 
Splanchnic blood flow (htre min! m?) 0.81 (06) 102 (0.9) 0.98 (0.7) 
Fractional splanchnic blood flow (%) 22,3 (21.8) 23.8 (197) 239 (21.7) 

11 5-28 2 103-314 77-374 
Splanchnic oxygen delivery (ml mn”! n?) 125 (97) 145 (143) 136 (109) 
Splanchnic oxygen consumption (ml min! mê) 62 (32) 61 (40) 57 (35) 
Splanchnic oxygen extraction ratio (%) 56.1 (18.0) 527 (17 8) 52.6 (21.1) 
Lactate exchange (mmol min“ m?) ~0.35 (0.4) -0 30 (0 5) 0.30 (0.6) 
Glucose exchange (mmol mn! m?) 0.14 (0 4) -0 02 (07) 0.16 (0.3) 
PRco, (kPa) 75 (25) 8.2 (2.9)* 9.0 (2.8)*+ 
Petgo, (kPa) 45 (0.7) 49 (0.7)* 5.1 (07)* 
Poo, gap (kPa) 3125 3.3 (29) 40 (2.9)*¢ 





mint, while central venous and hepatic venous pressure 
increased significantly after each fluid administration. 
ITBVI increased from 888 (204) to 1050 (248) ml m?. 
Stroke volume index increased significantly, from 66 (21) 
to 76 (14) and finally to 78 (17) ml m?, while cardiac 
index increased from 3.6 (1.0) to 4.0 (0.9) litre min” m? 
during the study period. TBVI increased from 2650 (638) 
to 3655 (885) ml m?. Although mean splanchnic blood 
tended to be higher after fluid loading, neither absolute 
splanchnic blood flow (which changed from 0.81 to 0.98 litre 
min“ m?) nor fractional splanchnic blood flow (from 
22.3% to 23.9%) changed significantly at either stage. The 
individual data showed that, in some patients, cardiac 
index and absolute splanchnic blood flow even decreased 
(Fig. 1). The difference between regional and end-tidal Peo, 
(Pco, gap) increased from 3.1 (2.5) to 3.3 (2.9) and 4.0 
(2.9) kPa. 


For each measuring point, variation coefficients were 6.0 
(2.9) %, 4.2 (2.6) % and 4.3 (3.7) % for arterial ICG 
concentrations and 5.0 (3.0) %, 4.8 (2.6) % and 6.6 (4.6) 
% for hepatic venous ICG concentrations. 


Discussion 

These data show that, in patients with haemodynamically 
stabilized septic shock, reduction in norepinephrine infusion 
after fluid loading did not increase splanchnic blood flow. 
Intrathoracic blood volume increased; this is a more appro- 
priate measure than the cardiac filling pressures to ‘assess 
cardiac preload in the critically ill.!2-!4 We conclude that 
the fluid increased cardiac preload in our patients. As the 
norepinephrine dose could be reduced in every patient while 
mean arterial pressure remained constant, pre-existing fluid 
deficit was likely. Nevertheless, marked individual -differ- 
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Fig 1 Cardiac index and absolute splanchnic blood flow in 10 patients undergoing fluid loading associated with a norepinephrine dose reduction and 
stable mean arterial pressure. (A) Patients in whom cardiac output increased; (B) those ın whom cardiac output decreased. The patient’s number 


indicates the beginning of an individual course. 


ences in global and splanchnic haemodynamics were found 
after fluid was given. Fluid administration and vasopressor 
dose reduction did not always increase cardiac index. Some 
patients had increased splanchnic perfusion with increased 
cardiac index, but other patients did not. Thus, fluid loading 
and a reduction in vasopressor support with a constant 
mean arterial pressure are not always associated with 
improved global or regional perfusion. Furthermore, 
regional carbon dioxide tension and carbon dioxide gap 
increased significantly during fluid loading, which may 
suggest a reduction in splanchnic blood flow or could be 
interpreted as a consecutive ‘washout phenomenon’. 

Norepinephrine increases splanchnic vascular resistance 
and thus decreases splanchnic blood flow in animals and 
humans in non-septic conditions. !6 Bersten and col- 
leagues!® did not find a redistribution of blood flow with 
norepinephrine infusion, away from the kidneys, liver and 
pancreas, in septic animals. Norepinephrine can improve 
splanchnic oxygenation by increasing mean arterial pressure 
in septic patients.* Patients receiving norepinephrine had 
an increase in gastric mucosal pH (pH,), indicating an 
increase in microcirculatory perfusion, whereas dopamine 
caused a decrease in pH,. Thus, norepinephrine seems to 
have some potential positive effects on splanchnic blood 
flow ın patients with sepsis. However, mean arterial pressure 
was constant in this study, so perfusion pressure alone does 
not appear to cause these benefits. 

Nevertheless, these results should not be interpreted as 
showing that fluid resuscitation, which is still one of the 
most important supportive treatments in sepsis, is less 
beneficial than norepinephrine therapy. In our patients, mean 
splanchnic blood flow tended to be greater after fluid 
loading. According to recent recommendations, optimiza- 
tion of cardiac output is a major goal in treatment of patients 
with sepsis and vasopressors should only be used after 
sufficient fluid resuscitation.'’ In this study, we did not 
determine individual Frank-Starling curves in order to 
optimize cardiac output. Instead, we focused on reduced 
norepinephrine doses by fluid loading. Since cardiac index 
decreased in some patients during fluid loading with a 
reduction in norepinephrine, we cannot exclude fluid over- 


load in some of our patients. Fluid overload may have 
contributed, since total blood volume increased from normal 
to supranormal values during the study period. Furthermore, 
central venous and hepatic venous pressures increased to 
very high levels, which may impair splanchnic blood flow 
by the reduced perfusion pressure gradient. Animal studies!® 
showed that sinusoidal pressure in the liver increases 
considerably with increasing central venous pressure and 
that the portion of the central venous pressure transmitted 
to the sinusoids increases exponentially. Thus, impaired 
hepatic venous drainage may have reduced gastric and 
splanchnic blood flow in some patients. Finally, individual 
differences in central venous pressure and splanchnic perfu- 
sion pressure may explain the individual variations in 
splanchnic blood flow. A major limitation of our study is 
the lack of a control group, which would have allowed 
comparison of these data on splanchnic blood flow with 
septic shock patients who remained fluid depleted. 

Septic patients respond in different ways to vasoactive 
substances.!9 2° In these studies, the effects of norepi- 
nephrine and low-dose dopamine on splanchnic blood 
flow were unpredictable between different individuals. Our 
results support these observations: septic patients do not 
respond uniformly to therapeutic interventions. 


Conclusion 


A decrease in norepinephrine dose following fluid adminis- 
tration cannot be interpreted as a sign of improved global 
or regional blood flow. Further studies are needed to 
understand the differing response of splanchnic perfusion 
among patients, and to identify the most appropriate dose 
of vasopressor for the individual patient. 
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Serum myoglobin and creatine kinase following surgery 
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Serum myoglobin (by radioimmunoassay) and creatine kinase were measured for up to 7 days 
in 30 patlents following surgical procedures, including total hip replacement and bilateral 
subcostal abdominal inclslons. Serum myoglobin reached a maximum of 1390 ug litre! (median 
345 ug litre”! for major surgery patients) on the first postoperative day but levels were still 
elevated by day 7 in some patients. Creatine kinase reached a maximum of 1339 i.u. htre! at 
day 2 (median 422 1.u. litre”! for major surgery patients), generally peaking | day after myoglobin 
in individual patients. These values may have significance when investigating a suspicion of 
coincident perioperative events such as myocardial infarction or malignant hyperthermia. 
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Blood concentrations of intracellular proteins, in particular 
myoglobin and creatine kinase (CK), are increased after 
muscle is damaged by physical or biochemical injury. 
This has been reported following crush injury,! myocardial 
infarction,?~> malignant hyperthermia (MH),°’ or other rare 
reactions.’ Modest increases follow the routine administra- 
tion of succinylcholine.>!? Serum concentrations of CK 
and possibly myoglobin may be useful in support of a 
provisional diagnosis of an acute episode of MH.!3 However, 
any other concurrent event that might also cause damage to 
muscle could confuse the biochemical picture. In particular, 
surgery might have started, or preoperative trauma might 
be the cause of raised CK and myoglobin. The serum CK 
and myoglobin concentrations and the changes with time 
following myocardial infarction and succinylcholine admin- 
istration are well documented, but those due to surgery 
are not. 


Methods 


Patients ASA I-III presenting for various elective or sched- 
uled surgical procedures gave verbal consent for several 
extra blood samples to be taken before, during and after 
surgery in addition to those routine specimens associated 
with their management. All patients were expected to be in 
hospital for up to a week or more after the operation. 
Following routine premedication with oral lorazepam, 
patients arrived in the anaesthetic room and a cannula was 
placed in a suitable vein for a preinduction blood sample 
and induction of anaesthesia. Anaesthesia was induced 
using thiopentone and an opioid. A non-depolarizing neuro- 
muscular blocking drug was used to facilitate tracheal 
intubation and the lungs were mechanically ventilated 
with nitrous oxide, oxygen and an inhalation anaesthetic 


supplement. Surgical diathermy was used as required by 
the surgeon. At the conclusion of surgery, a second blood 
sample was drawn, either from the original cannula or from 
a separate site as required. Postoperative analgesia was 
provided by im. opioid and anti-emetics as required. 
Postoperative fluids and blood administration were managed 
as dictated by clinical requirements. 

On the subsequent postoperative days several blood 
samples were obtained from the patients as part of their 
routine postoperative care. The remaining serum from 
these samples was collected from the biochemistry or 
haematology laboratory. On other postoperative days an 
additional sample was taken for the purposes of the study. 
All patients thereby had daily blood samples up to day 4 
Thereafter, most patients in the major surgery group had 
blood taken up to the seventh postoperative day. 

All samples were separated and frozen prior to assay in 
batches for myoglobin and CK. Myoglobin was assayed 
by radioimmunoassay using duplicate determination of 
samples. Coefficient of variation was typically 11%. Values 
above 300 pg litre! required dilution and reassay to bring 
them within the range of the assay (10-250 ug litre). CK 
was assayed by a standard NADP/NADPH colorimetric 
measurement of reaction rate at 37 °C (Boehringer 
Mannheim). 


Results 

A total of 30 patients was studied. They were divided 
into two groups; minor muscle-cutting surgery and major 
muscle-cutting surgery, based on the subjective impression 


This work was carried out at the Northern General Hospital, 
Sheffield. 
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of the degree of muscle involvement of the surgical pro- 
cedure. The number of patients and procedures in each 
group is shown in Table 1. No patient gave any clinical 
suspicion of peri- or postoperative myocardial infarction. 

Mean serum myoglobin and CK concentrations over the 
perioperative period are summarized in Table 2. Preinduc- 
tion values for all patients were close to the normal ranges 
for myoglobin (6-85 jig litre’) and CK (10-180 i.u. litre"), 
respectively. The individual values for myoglobin and CK 
are plotted graphically in Figure 1 for the minor surgery 
group and Figure 2 for the major surgery group. The 
maximum myoglobin concentration was 1390 ug litre“! on 
day 1 in a patient having a thoraco-abdominal resection. 
The maximum CK concentration was 1339 i.u. litre"! on 
day 2 in a patient having a latissimus dorsi flap transfer. In 
most subjects, the CK reached its maximum value 1 day 
after that for myoglobin. 


Discussion 
We have demonstrated that marked changes in serum 
myoglobin and CK can occur following muscle-cutting 
surgery. These values can be considerably greater than those 
found following a single administration of succinylcholine 
in adults? !* or children,!° comparable to that following an 
MI but considerably less than that following a typical 
episode of MH.°7 

No attempt was made to rigidly control the type of 
surgery. It was considered important that representative 
biochemical values following a range of surgical procedures 
were identified. We avoided the potentially confounding 
effect of succinylcholine. The distinction between minor 
and major muscle-cutting procedures was based on the 


Table 1 Surgical procedures 


Operation Number 
Minor muscle Sunple mastectomy 4 
Cutting Midline abdominal incision 9 
Surgery Knee replacement 1 
Major muscle Thoraco abdominal resection 3 
Cutting Bilateral subcostal incision 5 
Surgery Latissumus dors flap 2 
Total hip replacement 4 
Laminectomy 1 





Table 2 Median (range) myoglobin (pg litre!) and CK (Lu litre!) values 





apparent extent of muscle involved. It can be seen that 
some subjects in the minor group had substantial changes, 
while a few in the major group had minimal changes. 
Presumably a surgical incision apparently avoiding muscle 
(e.g. an abdominal midline incision through the linea alba) 
can still result in muscle being caught in sutures used 
for closure. 


Myoglobin mg Iitre=! 





Days after surgery 


CK iu. litre™i 





Pre Pot 1 2 3 4 5 6 7 8 
Days after surgery 


Fig 1 Serum myoglobin (a) and creatine kinase, CK (B) concentrations 
for indrvidual patients in the minor surgery group. The ‘Pre’ sample was 
taken ummediately prior to mduction of anaesthesia and the ‘Post’ sample 
at the completion of surgery. 





Minor surgery Major surgery 

Myogtobin CK Myoglobin CK 
Pre-ind 20 (6-42) 40 (9-76) 33 (3-100) 42 (9-114) 
Postop 77 (12-310) 47 (11-99) 315 (52-853) 114 (37-440) 
Day 1 108_(50-342) 195 (57-1296) 345 (132-1390) 609 (133-968) 
Day 2 60 (10-310) 283 (73-1289) 178 (66-327) 422 (156-1339) 
Day 3 39 (10-219) 196 (60-833) 82 (36-302) 256 (38-1208) 
Day 4 25 (9-97) 181 (32-208) 51 (18-118) 150 (49-1044) 
Day 5 30 (7-67) 84 (31-230) 39 (17-132) 83 (16-329) 
Day 6 44 (21-108) 84 (9-260) 
Day 7 36 (15-99) 54 (22-163) 
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Serum myoglobin and CK following surgery 


Myoglobin mg litre? 





Pre Post 1 2 3 4 5 6 7 8 


CK Lu. ltre=1 








Days after surgery 


Fig 2 Serum myoglobin (a) and CK (B) concentrations for individual 
patients ın the major surgery group The ‘Pre’ sample was taken 
immediately prior to induction of anaesthesia and the ‘Post’ sample at the 
completion of surgery 


It is possible that other circumstances after surgery, such 
as tissue infection, hypoperfusion and severe biochemical 
abnormalities could affect the concentration of muscle 
proteins in the circulation. None of these events is thought 
to have been present in our patients. There are also a 
number of other factors which could have affected our 
results. CK and possibly myoglobin denature at room 
temperature, and some samples had been in the biochemistry 
laboratory for 24 h before being frozen. Some preoperative 
values may have been elevated slightly by the pathology 
for which the patient was having surgery, while some 
postoperative values may have been influenced by the state 
of postoperative hydration. None of these factors would 
have affected the myoglobin and CK concentrations by 
a large factor, however, compared to the magnitude of 
postoperative changes due to surgery. 

The highest myoglobin levels we found (1300 pg litre~') 
following surgery are unlikely to cause any clinical derange- 
ment. Levels of at least 50000 pg litre! are probably 
necessary to cause acute renal failure,'* although if the 


patient is treated promptly with no other confounding 
factors, levels of 47 000 ug litre“! have been found to cause 
no renal impairment. 

The serum concentrations of myoglobin and CK we have 
found following surgery are not clinically significant, but 
could cause diagnostic confusion in a patient with myo- 
cardial infarction or MH. Following major trauma or extens- 
ive surgery, postoperative concentrations could be much 
greater than found in our study. Modest trauma induced in 
live pigs by firing high-velocity metal fragments into muscle 
results in a rise of CK to over 4000 i.u. litre"! within 6 h, 
falling towards normal values at 3 days.) 

A case of suspected perioperative myocardial infarction 
can usually be confirmed by CK isoenzyme tests, but 
isoenzyme results usually take several days to obtain. The 
biochemical evidence to support a suspected MH episode 
could be confused by raised levels caused by major surgery, 
severe trauma or myocardial infarction. CK estimation 
is easier to undertake than radioimmunoassay of serum 
myoglobin, and is frequently measured following anaes- 
thetic reactions. It is worth noting that the maximum 
myoglobin values in pg litre"! are usually numerically 
similar to the later maximum CK values in i.u. litre! for a 
range of muscle insults, including this present study. There- 
fore CK estimation, taking into account the time course of 
its release, can be used as an alternative to myoglobin 
estimations following suspected anaesthetic reactions. 

In conclusion, we suggest that serum CK estimation, as 
long as the peak value has been obtained, can be a valid 
indication of the extent of muscle damage. Interpretation 
of postoperative (e.g. 24 h) CK values should therefore 
take into account the possible influence of trauma or muscle- 


cutting surgery. 
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Needlestick injury is relatively common amongst healthcare workers, particularly those, such 
as anaesthetists, who regularly perform invasive procedures. The risk of seroconversion 
following needlestick injury may be reduced by knowledge of body fluids that are high risk and 
knowledge of post-exposure prophylaxis following possible HIV-contaminated needlestick 
injury. A structured questionnaire was used to establish knowledge regarding high HIV risk 
body fluids and measures to be taken following needlestick injury in anaesthetists working In 
a large teaching hospital. Completed questionnaires were obtained from all 76 anaesthetists 
working in the department (39 consultant, 37 tralnee/non-consultant). Only 45.2% correctly 
identified high-risk body fluids. Sixty-eight per cent of anaesthetists knew the appropriate first 
aid measures to be taken following neediestick injury. Only 15% of anaesthetists were aware 
that post-exposure prophylaxis (oral medication) should be administered within | h of injury. 
This study reveals a surprisingly poor knowledge of high-risk body fluids and action to be 
taken following needlestick injury. Timely post-exposure prophylaxis, after needlestick exposure 
to high-risk body fluids, is believed to reduce the risk of seroconversion to HIV. ignorance of 
this may increase the risk of seroconversion to HIV for anaesthetists and other healthcare 


professionals. 
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Needlestick injury from patients with known or suspected 
HIV infection is an important occupational risk for 
healthcare workers. The incidence of all injuries varies 
between occupational groups but is particularly prevalent 
in those regularly performing invasive procedures. Factors 
that determine risk of significant exposure to HIV include 
the frequency of needlestick incidents and the prevalence 
of HIV infection ın the patient population.! Risk of transmis- 
sion of HIV from a single exposure to infected material 
depends on the size and the type of inoculum. Known 
inoculation risk factors include deep injury, hollow bore 
needles, blood from terminally ill HIV patients, and needles 
that have been in arteries or veins. Overall, the risk of 
acquiring HIV following needlestick injury from HIV 
infected blood has been estimated at three per 1000 
injuries.” * The estimated yearly risk of HIV infection for 
anaesthetists in the US, for example, has been put at between 
0.00013 and 0.032% depending on the seroprevalence of 
HIV infection within the patient population.’ 

In 1997 the Department of Health issued guidelines for 
health care workers on the management of occupational 
exposure to HIV.5 The guidelines recommended that post- 
exposure prophylaxis, in the form of triple therapy usually 


with zidovudine, lamivudine and indinavir, be offered to 
health care workers following high-risk needlestick injury 
with the aim of minimizing the risks of developing HIV 
infection. The guidelines emphasize that if post-exposure 
prophylaxis is to be most effective it should be commenced 
as soon as possible after the exposure and ideally within 
1 h of injury. 

Despite clear guidelines, health care workers generally 
take inadequate measures following needlestick injury. For 
example, in a survey in the US only 45.4% of anaesthetists 
who sustained a needlestick injury that had some form of 
blood or high-risk fluid contamination sought any form of 
treatment.® This audit aimed to discover whether anaesthet- 
ists within a large teaching hospital in the UK appreciated the 
risks from, and understood the necessary action following, 
needlestick injury particularly following the 1997 post- 
exposure prophylaxis guidelines. 

The host Trust has a multi-disciplinary occupational 
health and safety service that 1s led by a consultant occupa- 
tional physician. A comprehensive mechanism for timely 
management of occupational exposure to blood and body 
fluids has been in place since December 1996. Arrangements 
include a written policy on the management of needlestick 
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and contamination incidents, a priority telephone ‘hotline’ 
for urgent reporting of incidents, 24 h access to urgent risk 
assessment and treatment of exposures (including advice 
from medical experts), and long-term counselling and 
follow-up by occupational health professionals. These 
systems were designed to ensure access to post-exposure 
prophylaxis for high-risk HIV exposures within 1 h of 
the incident. The policy was supported by an education 
programme comprising a letter to all trust employees, verbal 
presentation at induction for all jumor doctors, verbal 
presentation and a written handout for consultant medical 
staff, and periodic poster and publicity campaigns. A verbal 
presentation covering the issue of occupational transmission 
of blood-borne infection and the local arrangements for 
management of contamination incidents was given at an 
anaesthetic department seminar in 1998. Approximately 6 
months later this questionnaire survey was undertaken to 
determine knowledge of which body fluids are high risk 
for HIV transmission, appropriate first aid treatment imme- 
diately following exposure, and how soon after injury post- 
exposure prophylaxis should be commenced. 


Materials and methods 


Following ethics committee approval, a questionnaire was 
sent to all grades of anaesthetist (76 subjects) working 
for Southampton University Hospitals NHS Trust. This 
questionnaire asked the following. 


1. What percentage of needlestick injuries from patients 
with known HIV infection are likely to result in transmis- 
sion of the virus to the recipient? 

2. Which of the following nine body fluids (presuming that 
they are not blood stained) may be considered as ‘high 
risk’ for the transmission of HIV: breast milk, synovial 
fluid, saliva, faeces, urme, peritoneal fluid, pleural fluid, 
vomit, cerebrospinal fluid? 

3. Who should be contacted in the event of a needlestick 
injury? 

4. What two first aid procedures should you perform to the 
needlestick site? 

5. How soon after a ‘high risk’ needlestick injury should 
post-exposure prophylaxis commence? 


Any non-responders from the initial survey were sent a 
further questionnaire and then if necessary were directly 
approached. Differences between consultant and trainee/ 
non-consultant grades were analysed using a chi-squared 
test. 


Results 


Completed questionnaires were obtained from 37 juniors 
(100%) and 39 consultants (98%). 


1. What percentage of needlestick injuries from 
patients with known HIV infection are likely to result 
in transmission of the virus to the recipient? 

The risk of a needlestick injury from a patient with HIV 
resulting in seroconversion 1s estimated to be around three 
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Fig 1 Recommended tıme to first dose of post-exposure prophylaxis. 


per 1000 injuries. Overall, only 26 (34%) anaesthetists were 
aware of the true risk (between 1:1000 and 9:1000 injuries) 
of transmission of HIV from a needlestick injury. Of all 
respondents, 17 (22%) overestimated the risk compared 
with 33 (43%) who underestimated the risk. 


2. Which of the following nine body fluids 
(presuming that they are not blood stained) may be 
considered as ‘high risk’ for the transmission of 
HIV: breast milk, synovial fluid, saliva, faeces, urine, 
peritoneal fluid, pleural fluid, vomit, cerebrospinal 
fluid? 

For the high risk fluids (CSF, pleural, peritoneal, synovial, 
breast milk) only 14 (35%) consultant anaesthetists and 18 
(49%) juniars correctly identified them as high risk. For 
low risk fluids (vomit, urine, faeces, saliva), 16 (41%) 
consultants and 21 (57%) juniors correctly identified the 
low risk fluids. Trainees/non-consultant grades were better 
than consultants in their knowledge of both high risk fluids 
(P<0.02) and low risk fluids (P<0.01). 


3. Who should be contacted in the event of a 
needlestick injury? 

Thirty-eight out of 39 consultants (97%) and all trainees/ 
non-consultant grades correctly stated either the Accident 
and Emergeacy Department or the Occupational Health 
Department. 


4. What two first aid procedures should you perform 
to the needlestick site? 

Following a needlestick injury the first priority should be 
to promote active bleeding of the wound and to wash the 
wound thoroughly with soap and running water. Overall, 
68% of anaesthetists (25/39 consultants; 26/37 trainees/ 
non-consultant grades) correctly stated both measures. 


5. How soon after a ‘high risk’ needlestick injury 
should post-exposure prophylaxis commence? 


Only 10 out of 76 anaesthetists (15%) were aware that post- 
exposure prophylaxis following an HIV prone needlestick 
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infection should be started within 1 h of the injury. Results 
are shown in Figure 1. Forty per cent (37/67) of anaesthetists 
who answered the question believed that post-exposure 
prophylaxis could be delayed for 24 h or more. 


Discussion 


The general understanding of HIV transmission in terms of 
high-risk body fluids, risks from needlestick injury, and 
appropriate action followmg a high HIV-risk needlestick 
injury was surprisingly poor. Only one third of all anaesthet- 
ists questioned appreciated the true risk of seroconversion 
following a high HIV risk needlestick injury, with 43% 
underestimating the risk. Less than half of all anaesthetists 
correctly identified high-nsk body fluids, with consultant 
grades, whom may be advising trainee grades on appropriate 
action following needlestick injury, having significantly less 
knowledge than trainees. Other high risk fluids for the 
transmission of HIV such as amniotic fluid, vaginal secre- 
tions, semen, pericardial fluid, and unfixed organs and 
tissues were not tested in the questionnaire since we felt 
that anaesthetists are not exposed routinely to these fluids 
in everyday practice. One third of anaesthetists did not 
know that correct action following a needlestick injury was 
to promote active bleeding of the wound and to wash the 
wound thoroughly with soap and running water. Of particu- 
lar concern was the finding that only 15% of anaesthetists 
knew correctly that post-exposure prophylaxis should be 
commenced within 1 h of the needlestick injury. 

Anaesthetists are at risk of needlestick injuries, frequently 
handling needles and other sharp implements with poten- 
tially infected blood or CSF contamination. The rate of 
(unprotected) skin contact with blood has been estimated 
to be 18% for peripheral i.v. cannulation, 18% for insertion 
of a central venous catheter, and 85% for arterial can- 
nulation.’ A recent US study found that the rate of anaesthet- 
ists reporting a contaminated needlestick injury was 1.34 
per 1000 anaesthetics performed.* A recently published 
study investigated surgeons with respect to their knowledge 
of post-exposure prophylaxis. They found that 10 of the 
26 surgeons questioned knew that post-exposure prophylaxis 
should be obtained within 1 h of the injury Interestingly 
only two out of the 26 knew where to obtain post-exposure 
prophylaxis outside of normal working hours. 

Although we specifically studied anaesthetists’ awareness 
of needlestick guidelines, there may be circumstances where 
high-risk fluids come into contact with broken skin or 
mucous membranes, In these situations post-exposure pro- 
phylaxis may be appropriate and further advice should be 
obtained from the specialists in occupational health medi- 
cine, ideally, again, within 1 h of the time of exposure. The 
risk of seroconversion from this type of contact with HIV 
infected fluid has been estimated as less than one in 1000 
exposures. 

In view of the active needlestick management policy 
and education programmes in this trust, and the medical 


background of the subjects, we were surprised that the 
knowledge amongst anaesthetists was so poor. This popula- 
tion may well be putting themselves at unnecessary risk of 
seroconversion to HIV both by failing to appreciate the 
risks of the body fluids they are handling and by not 
recognizing the need in high-risk cases to receive post- 
exposure prophylaxis within 1 h of injury. Current guidance 
from the Association of Anaesthetists entitled ‘HIV and 
other blood borne viruses—guidance for anaesthetists’? was 
published prior to recommendations regarding post-expo- 
sure prophylaxis. The Royal College of Anaesthetists’ 
FRCA examinations syllabus!® does however require a 
knowledge of ‘precautions in the management of the infect- 
ive patient (e.g. HBV, HIV)’ and ‘implications for the 
anaesthetist of HIV infection’. Perhaps more emphasis on 
personal actions following needlestick injury is required. 

The risk of exposure to potentially infected body fluids 
may be minimized by adherence to a policy of universal 
precautions. This includes the wearing of disposable gloves, 
using eye protection where appropriate, avoiding re-sheath- 
ing needles, not passing needles directly to another person, 
ensuring that all sharps are placed in disposal bins and 
regarding blood and the other high-risk fluids from any 
patient as potentially infected.!! 

The ignorance of post-exposure prophylaxis guidelines 
is likely to be similar amongst anaesthetists in other hospitals 
and probably other healthcare workers. Since timely post- 
exposure prophylaxis after high risk needlestick injuries 1s 
thought to reduce the risk of HIV seroconversion, we 
believe that many healthcare professionals may be putting 
themselves at increased risk of seroconversion after an HIV 
infected needlestick injury as a result of delay. Further 
dissemination of knowledge regarding high-risk fluids, risks 
from needlestick injury and appropriate action following a 
high HIV-risk needlestick injury is required. With the 
introduction of clinical governance, we believe that this 
issue is of priority in terms of risk management, teaching 
and continuing professional development. 
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The effect of propofol on the hepatic and extrahepatic conjugation enzyme systems was 
assessed in vitro using microsomal and cytosolic preparations of human liver, hamster kidney, 
lung and gut. The functional activities of phase-Il enzymes, including uridine diphosphate- 
glucuronosyltransferase (UDPGT), glutathione S-transferase (GST) and N-acetyttransferase 
(NAT) were evaluated in the presence of various concentrations of propofol (0.05-1.0 mmol 
litre™'), using |-naphthol, |-chloro-2,4-dinitrobenzene and p-aminobenzoic acid as substrates 
respectively. Propofol produced concentration-dependent inhibition of UDPGT activity in 
human liver microsomes. Propofol did not produce significant Inhibition of human hepatic GST 
activity at concentrations below 1.0 mmol litre™!. In contrast, NAT activity was unaffected by 
propofol 0.05-1.0 mmol litre! in human liver cytosolic preparations. In extrahepatic tissues, 
hamster renal and intestinal UDPGT activities were significantly inhibited by propofol at 0.25- 
1.0 mmol litre™!, In these tissues, GST and NAT were unaffected by propofol at 1.0 mmol 
litre! Propofol produced differential inhibition of human liver and hamster extrahepatic 
conjugation enzymes as a result of different substrate and tissue specificities. The potential 
interference of the metabolic profile of phase-Il enzymes as a result of inhibition by propofol 
(especially of UDPGT and GST) should be considered when using propofol with other drugs 


for anaesthesia. 
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The principal metabolic reactions occurring in hepatic and 
extrahepatic tissues are classified into ‘phase I’, (including 
oxidation, reduction and hydrolysis) and ‘phase Il’ (i.e. 
the conjugation pathways).!~> Phase-II drug metabolism is 
carried out by conjugation of drugs or their metabolites with 
endogenous compounds such as glucuronic acid, glutathione 
and acetate to convert hydrophobic compounds to hydro- 
philic compounds and to facilitate their elimination from 
the body.** Glucuronidation, for example, being one of the 
major conjugation reactions, is the key step involved in the 
metabolism of anaesthetics such as morphine, meperidine, 
codeine and the benzodiazepines.’ 8 The functions of these 
phase-II enzymes are known to be impaired in patients with 
severe liver disease or acute-phase responses such as 
inflammation.’ !° Other factors, including sex, age, fasting 
and the ingestion of ethanol, may also regulate the function 
of phase-II enzyme systems.!!-15 


Propofol (2,6-diisopropylphenol) is a rapid-onset, short- 
acting intravenous anaesthetic agent that is used widely for 
the induction and maintenance of anaesthesia as well as for 
long-term sedation in intensive care units.!4 > It has been 
noted that there is a pharmacokinetic interaction of 
propofol with narcotics, such as fentanyl and sufentanil, 
via inhibition of hepatic microsomal degradation.! Previous 
investigations have demonstrated that propofol interferes 
with the metabolism of co-administered drugs via animal 
and human liver phase-I metabolizing enzymes. For 
example, there is interference with cytochrome P450- 
dependent monooxygenases via interaction with the haemo- 
protein, and reduction of the efficiency of electron trans- 
port.!7 18 Whether the interactions caused by propofol occur 
purely via the phase-I enzymes or via phase-I and/or phase- 
If enzymes has not been examined. There are several lines 
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of evidence indicating that propofol induces subclinical 
and reversible disturbance in hepatocellular integrity by 
affecting the serum level of hepatic transferase (conjugation) 
enzymes in vivo after long-term infusion.!? X The exact 
effect of propofol on the functional activities of specific 
phase-I conjugation enzymes has not yet been investigated. 
The aim of this study is to characterize the in vitro 
concentration—response effect of propofol on the metabolic 
function of various conjugation enzymes in both hepatic 
and extrahepatic tissues and to demonstrate the potential 
drug interactions involved in these metabolic pathways and 
clinical situations. 


Materials and methods 


Specimens and animal preparations 

The study was approved by the National Science Council 
of Taiwan. After obtaining informed consent and local 
ethics committee approval, human liver specimens were 
obtained from six men and two women aged between 32 
and 56 yr (mean 39 yr). Two of the specimens were 
obtained from organ donation for transplantation, and the 
other six were obtained as wedge biopsies from patients 
with intestinal pathology, none of whom had a history 
of liver disease or medication potentially affecting liver 
function. Exclusion criteria included liver function 
abnormalities such as abnormal serum levels of bilirubin 
(normal range 0-1.2 mg litre’), glutamic oxaloacetic 
transaminase (normal range 15-37 u litre'), glutamic pyr- 
uvic transaminase (normal range 15-45 u litre!) and lactate 
dehydrogenase (normal range 100-190 u litre!) as well as 
any histopathological abnormality. All liver tissues were 
freshly frozen in liquid nitrogen and stored at —80°C within 
10 min of resection. Male Syrian hamsters, 10-12 weeks 
old, weighing 100-120 g, were purchased from the Animal 
Center of the College of Medicine (National 
Taiwan University, Taipei, Taiwan). They were housed and 
stabilized in a light-controlled environment with a 12-h 
light period for at least 1 week before being killed by 
decapitation. Kidneys, lungs and intestinal mucosa were 
removed, rinsed and homogenized in ice-chilled 1.15% KCl 
(w/v) solution. After differential centrifugation, cytosolic 
fractions and washed microsomes were prepared separately 
from homogenized tissues as described by Alvares and 
Mannering.*! Microsomes from the kidneys, lungs and gut 
were pooled from four animals and frozen at -70°C; the 
pellets were resuspended in potassium phosphate buffer 
0.1 mol litre”! at pH 7.4 for assay. Microsomal and cytosolic 
proteins were assayed by the method of Lowry using bovine 
serum albumin as standard.”” 


Phase-II enzyme assays 


Pure propofol (ICI Pharmaceutica, Zeneca, Macclesfield, 
UK) was diluted in microsomal and cytosolic fractions of 
homogenized tissues. Concentration-response effects of 


propofol (0.05-1.0 mmol litre!) for each enzyme assay 
were evaluated in human liver and hamster renal, lung and 
gut tissues, and compared with the control. 


UDP-glucuronosyltransferase assay 


Uridine diphosphate-glucuronosyltransferase (UDPGT) 
activity was studied by the method of Mackenzie and 
Hanninen, using 1-naphthol as the substrate. In brief, 
the enzymic reaction was initiated by mixing various 
concentrations of propofol and 50% microsomes with 
20 mg mI“ sodium cholate (1:1 v:v) and cooling on ice for 
30 min. The pretreated microsomal preparation was added 
to K-PO, buffer 50 mmol litre~!, MgCl, 0.1 mol litre“! and 
1-naphthol 4.17 mmol litre! and incubated in 37°C for 
5 min. After adding UDP-glucuronic acid 5 mmol litre", 
microsomal protein was incubated at 37°C for 10 min in 
the sample group, using K-PO, buffer 50 mmol litre"! as 
blank. The reaction was stopped on ice after 5 min. 
The fluorescence intensity of the product, 1-naphthol B-D- 
glucuronide, was measured at excitation and emission 
wavelengths of 293 and 335 nm respectively. 


Glutathione S-transferase assay 


In this study, we carried out the glutathione S-transferase 
(GST) assay using the standard substrate 1-chloro-2,4- 
dinitrobenzene, following the procedure of Habig et al.** 
Essentially, the reaction mixture contained 1 mmol litre"! 
glutathione in 0.1 mmol litre“! K-PO, buffer with 1 mmol 
lite"! EDTA. After addition of 1 mmol! litre! 1-chloro-2,4- 
dinitrobenzene to the sample cuvette, the absorbance of the 
mixture was measured at 340 nm for the baseline, with 
methanol as a reference. Cytosolic protein in 0.1 mmol 
litre! K-PO, buffer, pH 6.5, preincubated with various 
concentrations of propofol, was then added to the mixture 
to start the reaction for 1 min. The rate of reaction 
was monitored by measuring the absorbance increased at 
340 nm. 


N-acetyltransferase assay 


N-acetyltransferase (NAT) activity was measured by 
quantifying the disappearance of the arylamine substrate, 
as reflected by decreasing formation of Schiff base with 
dimethylaminobenzaldehyde.* In brief, the incubation 
system consisted of Tris-HCl 75 mmol litre, pH 7.5, at 
37°C, dithioerythreitol 1.5 mmol litre!) EDTA 1.5 mmol 
litre, acetyl phosphate 22.5 mmol litre!, phospho- 
transferase 2.5 U mlt, p-aminobenzoic acid 0.4 mmol 
litre"! in Tris-HCl buffer, and 50 pl of diluted cytosol 
preincubated with propofol. The reaction was started by the 
addition of 40 pl of acetyl coenzyme A 1 mmol litre“! to 
the incubation mixture and was incubated at 37°C for 
45 min. The reaction was terminated by the addition of 
100 ul of 20% (w/v) tricyclic acid (TCA). The reaction 
mixture was centrifuged and the supernatant was mixed 
with 1 ml of 5% dimethylaminobenzaldehyde. The sample 
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Table 1 Functional activites of various phase-II drug-metabolizing enzymes in human liver, hamster kidney, lung and gut. All values are mean (SD) of n 


observations. Each hamster tissue sample was pooled from four animals 














Assay Human liver Hamster 

Kidney Lang Gut 
n 8 6 6 6 
Microsomal protein (mg g tissue™!) 35 8 (68) 4 62 (0.88) 391 (074) 3 60 (0 48) 
Cytosolic protein (mg g tissue!) 49.7 (46) 428 (39) 37 6 (9 6) 28 4 (3.9) 
UDPGT (nmol min“ mg protein ~!) 3.26 (0.75) 2.07 (0.38) 0 032 (0 004) 074 (0 12) 
GST (nmol min7! mg protean ~!) 2 16 (0.86) 1.64 (061) 0 64 (0 28) 061 (0 20) 
NAT (nmol min! mg protein 7!) 706 (0 67) 2.17 (0 37) 0 87 (0 34) 3 04 (0 98) 





was recentrifuged and incubated for at least 10 min at room 
temperature, and the absorbance at 450 nm was then 
recorded, 

Unless otherwise stated, all results are presented as mean 
(sD). Data were analysed using one- and two-way analyses of 
variance and significant differences between concentrations 
were identified using the Student-Newman—Keuls test or 
the unpaired t-test. P<0.05 was considered statistically 
significant. 


Results 


The activities of various enzymes were expressed on the 
basis of protein concentrations ın the reaction mixture 
(Table 1). Protein content in the cytosolic components was 
consistently greater than in the microsomal fraction. Human 
liver exhibited the highest rate of catalytic activity. Enzyme 
activities in hamster lung tissues were lower than in the 
other tissues studied. Among the extrahepatic tissues, kidney 
contained the highest activity of UDPGT and GST, whereas 
the intestine contained the highest NAT activity. NAT 
showed the highest metabolic activity on a protein basis 
among all enzymes within all the tissues studied. 

The effects of various concentrations of propofol on 
functional activities of specific phase-II enzymes evaluated 
within human liver microsomal and cytosolic fractions are 
shown in Figure 1. In human liver microsomes, propofol 
0.05 mmol litre"! produced a small but non-significant 
decrease ın UDPGT activity (P=0.08). Between 0.10 and 
1.0 mmol litre!, propofol demonstrated concentration- 
dependent inhibition of UDPGT activity. The metabolic 
rate of UDPGT in human microsomes was decreased to 
50% of the control by propofol 0.10 mmol litre! (P= 
0.026) and to 14% of the control by propofol 1.0 mmol 
litre“! (P=0.0041). The activity of GST was not significantly 
inhibited at low concentrations of propofol (0.10-0.5 mmol 
litre“), but was significantly inhibited at a high concentra- 
tion of propofol (1.0 mmol litre~!) (P=0.032). The metabolic 
tate of NAT in human liver was unaffected by propofol 
(Fig. 1). 

Figure 2 summarizes the effects of propofol on the 
functional activities of various enzymes in hamster kidney, 
lung and gut. The specific enzyme activity per unit weight 
of protein in hamster kidney was about one- to two-thirds 
of the activity in human liver. Propofol 0.25-1.0 mmol 


Enzyme actlvity (nmol mn~! mg protein’) 





Control 


0.05 0.1 
Propofol (mmol litre‘) 


0.25 05 1.0 


Fig 1 Effect of propofol concentration on the activites of UDPGT, GST 
and NAT in human liver microsomal and cytosolic preparations. Values 
are mean (SEM) of three measurements in each enzyme assay (n=8). 
*P<0.05, **P<0.01 vs control (one-way ANOVA with post hoc Student- 
Newman-Keuls test) 


litre“! caused a 40-79% decline in hamster kidney UDPGT 
activity (P<0.05). Unlike the result obtained in human 
liver, the effect of propofol in hamster kidney was only a 
minor decline in GST activity, and this did not reach 
statistical significance (P=0.12 at propofol 1.0 mmol 
litre’). As in human liver, NAT activity was not influenced 
by increasing concentrations of propofol in hamster kidney 
(Fig. 2, top panel). In hamster lung tissues, the activities 
of GST and NAT were much lower than in human liver. 
The activity of UDGPT was just detectable in hamster lung. 
In contrast with kidney and gut, neither of the above 
enzymes in lung was affected by propofol (Fig. 2, middle 
panel). In gut, propofol 0.25~1.0 mmol litre“! produced 
35-70% inhibition of UDPGT activity (P<0.05). However, 
GST and NAT activities were unaffected (Fig. 2, bottom 
panel). 


Discussion 


Traditionally, plasma levels of conjugation enzymes, such 
as GST, are important parameters for the assessment of 
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L] UDGPT GST EZ] NAT 


Kidney 





Control 0.25 05 1.0 


Enzyme activity (nmol mın! mg protein-") 





0.25 0.5 
Propofol (mmol Iitre7') 


Fig 2 Effect of propofol concentration on the activities of UDPGT, GST 
and NAT in microsomal and cytosolic preparations of hamster kidney, 
lung and gut. Values are mean (SEM) of three measurements in each 
enzyme assay (n=6, each pooled from four anumals). *P<0.05 vs control 
group (one-way ANOVA with post hoc Student-Newman—Keuls test). 


hepatocellular injury. After exposure to general anaesthesia 
or long-term infusion of propofol, the plasma level of 
GST increases significantly, indicating the presence of 
hepatocellular damage and the leakage of cytosolic enzymes 
into the extracellular space.> 19 2° 26 UDPGTs, the most 
important phase-II enzymes we studied in the microsomal 
fraction, have a wide distribution in hepatic and extra- 
hepatic tissues. * Clinically, the plasma concentrations 
of propofol in humans and the hamster have been reported 
to reach 0.067-0.10 mmol litre!,?”-? although this 
would be reduced by a high level of protein binding. 
Under similar concentrations in vitro, our data showed 
that propofol produced significant inhibition of the 
conjugation activities of human liver and hamster extra- 
hepatic UDPGT. Concentration—-response curves demon- 
strated concentration-dependent inhibition of UDPGT when 


we increased the concentration of propofol from 0.10 to 
1.0 mmol litre!.!8 27-29 Many endogenous and exogenous 
amines, steroids and opioid compounds are metabolized 
through glucuronidation reactions by UDPGTs.’ A previous 
investigation by Janicki et al. showed that the microsomal 
degradation of narcotics, such as alfentanil and sufentanil, 
was hindered by the presence of propofol.!® Besides 
propofol’s inhibition of microsomal monooxygenases, the 
inhibition of glucuronidation by propofol provides another 
possible mechanism for the interference of pharmacokinetics 
and drug interactions with opioids,!7 18 2° 

Many factors have been studied and identified as 
modulators or inhibitors of UDPGT activity that might 
provide explanations of the above findings. UDPGT proteins 
are membrane proteins with a hydrophobic membrane- 
spanning demain at their carboxyl terminus in addition to 
other hydrophobic domains throughout the molecule, which 
probably function to bind hydrophobic molecules.*° 31 
Propofol, a molecule with a high octanol/water partition 
coefficient, is suitable for hydrophobic binding with UDPGT 
proteins.'4 Also, phenol activity was shown to be dependent 
on the binding of phospholipids, and phospholipid binding 
leads to conformational changes in the UDPGT enzyme.** 
As an alkylated phenol, propofol might exhibit its potent 
inhibition of UDPGT through binding to the membrane 
protein and induce alterations in enzyme conformation as 
well as a reduction of its reactivity.'4 The present analysis 
of extrahepatic tissues in the hamster also showed that the 
gut and the kidneys are another two important sites for 
glucuronidation; only modest activity was observed in the 
lungs. Propofol at 0.25—1.0 mmol litre! exhibited similar, 
but lower, inhibition of UPDGT activity in hamster kidney 
and gut than in human liver. The difference between the 
hepatic and extrahepatic effects of propofol on UDPGT 
might be attributable to the species- and tissue-specificity 
of the enzyme.? 4 The tissue distribution of the enzyme and 
the functional heterogeneity of the UDPGT enzyme family 
within different tissues might explain the differences in the 
inhibition induced by propofol.* 

The GSTs are also a complex multigene family of 
enzymes that are widely distributed in various tissues.** 
These enzymes are primarily located in the cytosol and 
are important in detoxification by conjugating reduced 
glutathione with a large number of electrophiles.** The 
plasma level GST has been used as a sensitive indicator of 
hepatocellular integrity in liver diseases or liver damage 
induced by drug intoxication. 35 36 Our data showed. that 
propofol did not exhibit significant inhibition of GST 
activity at concentrations less than 1.0 mmol litre“. There 
are several possible explanations. First, the present study 
showed that GST activity was relatively low among these 
phase-II enzymes in human liver, hamster kidney and gut 
tissues, making significant inhibition more difficult to detect. 
Secondly, GST may bind a number of anions, such as bile 
salts, which might inhibit enzymic activity.’ Being a 
phenolic substitute, propofol might participate in the 
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conjugation reactions as a hydrogen provider (functional 
anion) and bind with GST to reduce its conjugating ability.! 
This might explain why propofol produced inhibition of 
GST only at high concentrations. GST in hamster extra- 
hepatic tissues was essentially unaffected by propofol. The 
discrepancy in propofol’s inhibiting effect between hepatic 
and extrahepatic tissues might result from functional 
heterogeneity of the distribution of various GST iso- 
enzymes within different species and tissues.°* It is possible 
that GSTs serve different functions in different tissues, 
sometimes acting as carrier proteins rather than being 
metabolically active.’ 

N-acetylation is another important phase-II conjugation 
reaction, and NATs are responsible for the metabolism of a 
large number of drugs and compounds, including 
isoniazid, hydralazine, procainamide, caffeine and aryl- 
amine carcinogens.*? Previous studies have shown that the 
effects of liver diseases on acetylation seem to be modest and 
of lesser magnitude than their effects on oxidative path- 
ways.°? In our data, NAT exhibited the highest activity among 
these phase-I enzymes. NAT activity in the intestine is about 
one-half that in liver, 50% higher than that in kidney and 
three times that in lung, so that the gut is also an important 
site of acetylation. In contrast to other phase-II enzymes, 
propofol produced no significant inhibition of NAT activity in 
either hepatic or extrahepatic tissues. Compared with UDPGT 
and GST, NAT is less polymorphic in terms of isoenzymes 
and tissue-specificity.© The substrate for the measurement of 
NAT Activity, p-aminobenzoic acid, is also different from 
propofol in physicochemical properties, indicating that inter- 
action of propofol with NAT is clinically irrelevant.? 

Clinically, the mechanisms involved in the interactions 
of drugs with propofol might be multifactorial. First, the 
haemodynamic alterations caused by propofol might reduce 
the regional blood flow as well as the regional delivery of 
agents to the sites of metabolism. 41 Therefore, it is likely 
that the tissue uptake and elimination of the coadministered 
drugs would be modified.” 4! Secondly, propofol might 
compete for serum protein binding, which might increase the 
free fraction and probably potentiate the pharmacodynamic 
effects of other drugs, such as propranolol.*? Thirdly, in 
our previous studies propofol exhibited broad-spectrum, 
concentration-dependent inhibition of cytochrome P450- 
dependent monooxygenases (phase-I enzymes). Propofol 
0.05-0.10 mmol litre! showed significant inhibition of 
cytochrome P450 2E1, 1A1 and 2B1, which might hinder 
the metabolism of coadministered drugs.!’ 18 The present 
study demonstrated that propofol was also able to inhibit 
the conjugation enzymes to various degrees at similar 
concentrations. The interference with these phase-II 
enzymes by propofol complicated the pharmacokinetics, 
and clinicians should be aware of potential propofol-related 
drug interactions during anaesthetic practice. 
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desflurane in rabbits 


C. K. Pac-Soo! *, C. Wang, D. Ma, M. K. Chakrabarti and J. G. Whitwam 


Department of Anaesthetics and Intensive Care, Imperial College School of Medicine, Hammersmith 
Hospital, Du Cane Road, London W12 ONN, UK 


!Present address: Department of Anaesthetics, Wycombe Hospital, Queen Alexandra Road, Buckinghamshire 
HP11 2TT, UK 


*Corresponding author 


The effects of desflurane on renal sympathetic nerve activity (RSNA) were studied in intact 
or vagotomized anaesthetized rabbits with initial concentrations of 4.5-18%, subsequently 
equillbrated to end-tidal concentrations from 3%, 6%, 9% and 12% each for 20 min allowing 
sympathetic activity to stabilize. In intact animals, immediate transient increases in mean 
sympathetic activity from 27% to 63% were closely related to initial concentrations from 4.5% 
to 18%. During subsequent equilibration this remained elevated by 25-30% up to 6%, returned 
to contro! at 9% and fell by 33% at 12%. Bilateral vagotomy abolished sympathoexcitation 
apart from small increases in sympathetic activity, for example 14% at 4.5% (P<0.05). We 
conclude that increases in inspired desflurane concentrations evoked rapid transient vagally 
mediated reflex sympathoexcitation with a small extra-vagal contribution. Central depression 
of sympathetic activity started at 6% and was 33% below baseline at 12%. 
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The mechanisms underlying sympathoexcitation in response 
to increases in desflurane concentrations have yet to be 
determined. Baroreflexes are not a major contributory 
factor as sympathoexcitation is the same when hypotension 
is prevented with vasoconstrictor drugs. 6 Desflurane also 
causes immediate excitatory phenomena, for example 
coughing, which could indicate that a rise in spontaneous 
sympathetic activity is due to stimulation of ‘irritant recep- 
tors’ in the airways.”!° It has also been stated that repeated 
exposure of human volunteers to desflurane is associated 
with a progressive reduction in sympathetic responses,!! 
which could be due to rapid adaptation of such ‘airway 
receptors’.!* 13 However, other workers have found that 
topical anaesthesia of the airways and local block of their 
innervation do not suppress sympathoexcitation,’* which 
could indicate primary involvement of deeper structures in 
the lungs or other tissues. 

The present study, in rabbits, tested the hypothesis that 
the increase in sympathetic activity caused by desflurane is 
due to reflexes mediated by afferent fibres in the vagus 
nerves and that higher concentrations which cause sym- 
pathetic depression do so by a direct effect on the central 
nervous system. 


Materials and methods 


General procedures 


The study was approved by the UK home office (licence 
PLL 90/00852). Ten New Zealand rabbits of both sexes 
(3.1-4.2 kg) were anaesthetized with a single bolus sleep 
dose of methohexitone 15-20 mg kg! and then main- 
tained with 1% a-chloralose using an initial bolus of 
30 mg kg" followed by an infusion of 17-20 mg kg! hr}. 
A tracheostomy was performed several rings below the 
cricoid cartilage and a 3.5-mm tube was inserted into the 
trachea with a ligature tied around the trachea. This was done 
to stop a gas leak, and hence to control blood-gas tensions, 
and to prevent desflurane from reaching the upper airways. 
The lungs were mechanically ventilated (SLE 2000, SLE, 
Surrey, UK) through the tracheotomy tube at 30 b.p.m. with 
oxygen-enriched air. Muscle paralysis was maintained with 
bolus doses of succinylcholine (2 mg kg™! 1.v.) every 30 min. 
The depth of anaesthesia was assessed by floppy ears and 
absence of a glabellar reflex and spontaneous muscle move- 
ment, when succinylcholine was temporarily withheld at 
intervals of ~90 min to allow the return of muscle tone and 
ensure continuity of anaesthesia. A femoral artery and vein 
were cannulated for direct arterial pressure measurement and 


© The Board of Management and Trustees of the British Journal of Anaesthesia 2000 


Pac-Soo et al. 


the infusion of o-chloralose, respectively. Oesophageal 
temperature was measured with a thermistor (Yellow Springs 
Instruments, OH, USA) and was maintained between 37 and 
38°C. At regular intervals and at the beginning and end of 
the collection of each data set pHa, Paco, and Pag, were 
measured with a blood-gas analyser (ABL3, Radiometer, 
Copenhagen, Denmark) and the values maintained between 
7.35 and 7.40, 35 and 39 mm Hg, and 180 and 200 mm Hg, 
respectively. Mean arterial pressure (MAP) and heart rate 
(HR) wererecorded continuously (MacLab 8 ADInstruments, 
ADInstruments Pty, Australia). 

The animals were randomly divided into two groups. In 
five rabbits the vagus nerves were intact and in the other five 
they were divided. Each preparation was allowed to stabilize 
for 30 mm after surgery before baseline data were recorded. 


Recording of sympathetic nerve activity 


The right kidney was exposed retroperitoneally and a single 
fascicle of the renal sympathetic nerve was dissected from 
the surrounding tissues, desheathed cut distally, and mounted 
on silver electrodes in a pool of warm mineral oil. Signals 
were pre-amplified (Tectronix 122, Tectronix, Beaverton, 
OR, USA) and displayed on an oscilloscope (Tectronix 565, 
Tectronix). To compare renal sympathetic nerve activity at 
various stages of the study, 20-s periods of a continuous 
multifibre recording were subjected to full-wave rectification 
and integrated with a time constant of 100 ms (NL90, 
Neurolog, Welwyn Garden City, UK). Both direct and 
integrated signals were displayed on an oscilloscope and 
plotted with a thermal recorder (Gould 1602 system, Gould, 
Essex, UK). The total mean electrical activity was processed 
as the average of the areas within three envelopes of integrated 
spontaneous sympathetic activity expressed in arbitrary units, 
and hence as a percentage of control values at each stage of 
the study. 


Vagotomy 
In five of the preparations, both vagus nerves were exposed 
in the neck, adjacent to the carotid arteries and above the 
level of the tracheostomy. A short section was dissected free 
from surrounding tissues and loose ligatures were placed 
around the nerves. After control recordings of sympathetic 
activity, MAP and HR were processed, both vagus nerves 
were cut between the ligatures to prevent bleeding. The effects 
on sympathetic activity and the resting circulation were 
observed, and 30 min were allowed for possible post-injury 
discharges in the proximal part of the vagus nerves to decline. 
Further observations were then recorded which became the 
control data for the effects of desflurane after vagotomy. 
Each preparation was allowed to stabilize for 30 min after 
surgery before control data were recorded. Stability of the 
preparations was ensured by an absence of changes in both 
electrophysiological and haemodynamic data before starting 
each study. The second data set was used as control. 


Administration of desflurane and experimental 
protocol 


Desflurane was delivered from a heated vaporizer Tec 6 
(Ohmeda, West Yorkshire, UK). The end-tidal concentration 
of desflurane was measured at the proximal end of the 
tracheal tube, with an infrared analyser (Capnomac II, 
Datex, Helsinki, Finland). The gas analyser was calibrated 
with commercially available standard gases (Quick Cal™, 
Datex, Helsinki, Finland). 

At each concentration, overpressure was used to achieve 
rapid equilibration and the vaporizer was initially set to 
deliver a desflurane concentration 1.5 times greater than the 
final target equilibrated end-tidal concentration. The concen- 
tration was progressively reduced maintaining the expired 
concentration constant at the target level until equilibration 
was achieved after which no further reductions in the inspired 
concentrations were required. A total of 20 min administra- 
tion was more than required to achieve a new stable level of 
sympathetic activity, HR and arterial pressure. Desfiurane 
was administered continuously at concentrations from 4.5%, 
9%, 13.5% and 18% to achieve equilibrated end-tidal 
concentrations of 3%, 6%, 9% and 12%, respectively. Sym- 
pathetic activity was recorded at 1, 3, 5, 10, 15 and 20 min 
after the concentration changes. Finally it was withdrawn and 
the preparations allowed to recover with a return to control 
values for sympathetic activity and MAP. 


Statistics 


Within each group, the data were analysed using ANOVA for 
repeated measurements followed by t-tests with Bonferroni 
correction when appropriate. A value of P<0.05 was 
considered significant. 


Results 


There were no significant differences in baseline HR, MAP, 
sympathetic activity between the vagotomized and intact 
vagus group of animals. 


Spontaneous renal sympathetic activity 


Figure 1 shows a typical recording of the responses in 
sympathetic activity to increases in desflurane concentrations 
1n one intact rabbit. 


Intact group 

Rapid changes in inspired desflurane concentrations to 4.5%, 
9%, 13.5% and 18% caused immediate increases in RSNA, 
at 1 min, to 127(14)%, 142(18)%, 150(25)% and 163(35)% 
of baseline, respectively, P<0.05, which were concentration 
dependent (Fig. 2a). After equilibration at 3% and 6%, sym- 
pathetic activity was maintained at ~25-30% above baseline, 
P<0.05. In contrast, at 9% it returned to baseline and then 
progressively depressed to 67(26)% of baseline at 12%, 
P<0.05. Thus, for the equilibrated 20 min concentration with 
the vagus nerves intact, the overall effect on sympathetic 
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Fig 1 Typical recording of spontaneous renal sympathetic nerve activity (RSNA) following rapid increases in desflurane concentration dunng 20 s 
periods in intact rabbits Traces show recording at control, 1 min and 20 mun after each new vaporizer setting, and after withdrawal of desflurane In 
each panel. lower trace=direct amplified recording of RSNA, upper trace=rectified integrated signals for quantitative comparison. 


activity was biphasic, with sustained activity around 29% 
above baseline up to 6% and subsequent depression of 33% 
at 12% concentration. 


Vagotomy group 
At equilibrated concentrations, we observed a progressive 
decrease in sympathetic activity which became statistically 
significant to 67(24)% and 57(22)% of control at 9% and 
12%, respectively (P<0.05). Thus, there was no evidence of 
a vagally mediated increase in sympathetic activity that could 
be due to excitation at equilibrated concentrations. However, 
at the first introduction of desflurane, for example at 4.5% 
there was a statistically significant increase in sympathetic 
activity to 114(4)% of baseline (P<0.05). Thereafter at 
subsequent concentration changes there were small 
progressive increases in sympathetic activity, which did 
not reach statistical significance (Fig. 2B). 

In both groups, recovery of sympathetic activity occurred 
within ~60 min. 


Mean arterial pressure 


Intact group 

There was no significant change in MAP following the 
administration of desflurane up to an end-tidal concentra- 
tion of 3% (Fig. 3). Thereafter, increasing concentrations 


produced progressive depression in MAP to 65(17) mm Hg, 
49(14) mm Hg and 34(8) mm Hg at equilibrated end-tidal 
concentrations of 6%, 9% and 12%, respectively, from a 
control value of 79(15) mm Hg, P<0.05. MAP returned to 
baseline values within 60 min after withdrawal of desflurane. 


Vagotomy group 

Following vagotomy there was an increase of 8(5) mm Hg ın 
MAP that was not statistically significant. Thereafter, 
increasing concentrations of desflurane caused similar reduc- 
tions in MAP to the intact group, for example from the control 
value of 88(11) mm Hg to 41(10) mm Hg at an equilibrated 
concentration of 12%. 


Heart rate 

Vagotomy did not produce any significant change in HR (to 
264(18) beats min™!) from the pre-vagotomy baseline value 
(263(16) beats min-'), Also there was no statistically 
significant change in HR from baseline values during the 
administration of desflurane in both groups. 


Discussion 
There is no doubt that desflurane causes excitation of the 
sympathetic nervous system,!™ 14 15 but the mechanisms 
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Fig 2 Summary of data from rectified and integrated signals of renal 
sympathetic nerve activity (RSNA) following rapid increases ın desflurane 
concentrations in intact rabbits (A) and following bilateral vagotomy (B) 
Off indicates values after withdrawal of desflurane Values are expressed 
as per cent of control (mean (sD), n=5). Comparison with control: 
*P<0.05. Comparison between data at 20 min (preceding concentration) 
with those at 1 min at immediate higher concentration +P<0.05. 


involved remain an area of critical debate. 6 9 1418 
Previous studies have been concerned only with sympathetic 
excitation and the circulation at concentrations of up to 
1.5MAC.341118 Hitherto only one study has described depres- 
sion of sympathetic activity by desflurane which decreased 
by ~65% at a higher concentration of 12% in a dog model.5 

Weiskopf and associates? speculated that the increase in 
sympathetic outflow caused by a rapid increase of the 
concentration of desflurane is due to stimulation of medullary 
centres either directly or indirectly by irritant receptors in 
the airway. 

The most important aspect of the work reported here 
is that bilateral division of the vagus nerves abolished 
sympathoexcitation by desflurane, apart from a very small 
residual reflex response at each increase in concentration. 
It establishes the dominant role of pulmonary receptors in 
sympathetic stimulation by this agent, but also shows that 
its depressive effects at higher concentrations are centrally 
mediated. In contrast, both the sympathoexcitatory and other 
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Fig 3 Summary of data of mean arterial pressure (MAP) following rapid 
increases in desflurane concentration in intact rabbits and following 
bilateral vagotamy. Off indicates values after withdrawal of desflurane. 
Values are expressed in mm Hg (mean (SD), n=5). Comparison within 
group with control *P<0.05 


excitatory effects of nitrous oxide are thought to be centrally 
mediated.) 

The responses in sympathetic activity observed here in 
rabbits are in keeping with previous reports of effects of 
relatively low concentrations of desflurane in humans. 
For example, Ebert and Muzi! observed an increase in 
sympathetic nerve activity, following a rapid increase in 
desflurane concentraton from 0.5 MAC to 1.0 MAC, 
which was sustained when equilibrated at this concentra- 
tion. A further rapid increase in its concentration from 
1.0 MAC to 1.5 MAC caused a further transient increase 
in sympathetic activity which then decreased to a lower 
level, but was still greater than the value at 0.5 MAC. 
Although desflurane was administered at the highest 
concentration of 1.5 MAC for 15 min to allow equilibration 
of its end-tidal concentration, their recording of sympathetic 
activity was terminated after only ~12 min. In contrast, 
in the present study where overpressure was used, the 
equilibration of the end-tidal concentration was rapid and 
continuous observation of sympathetic activity was carried 
out for 20 min, in spite of which the results of the two 
studies are compatible. 

Intuitively, the irritant effects of desflurane on the airway, 
causing coughing during the induction of anaesthesia, could 
be assumed to stimulate sympathetic activity, but this may 
not be the case. Inhalation anaesthetic agents such as 
desflurane may not only stimulate receptors in the airways 
but also could enter pulmonary interstitial tissues directly 
from the alveoli or indirectly via the bronchial circulation.” 
That the airways are involved was shown by Muzi and 
co-workers'* in a study in humans, using double lumen 
tubes, where delivery of desflurane to the upper airways, 
including the larynx, produced increases in HR, arterial 
pressure and muscle sympathetic nerve activity recorded in 
the peroneal nerve. When the inspired desflurane concentra- 
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tion was rapidly increased from 5.6% to 11% in one lung 
and simultaneously reduced to zero in the-other, there was 
no change in sympathetic activity. An inspired desflurane 
concentration of 11% administered via both lungs rather 
than only one, caused a greater increase in HR and arterial 
pressure and sympathetic activity which they related to an 
increase in blood concentration and a consequent action on 
‘extra-pulmonary receptors’, and in this respect their results 
agree with others.!6 17 However, the possibility of a contribu- 
tion to the observed increase in sympathetic activity by 
recruitment of additional airway and pulmonary receptors 
in the second lung was not considered. In addition, topical 
anaesthesia of the airways and relevant afferent nerves, 
failed to prevent sympathetic excitation during the 
administration of 11% desflurane and could imply that 
superficial airway structures are not involved. 

In another study, also using double lumen tubes, in human 
volunteers, anaesthesia was maintained with desflurane at 
an end-tidal concentration of 4%.'7 When the end-tidal 
concentration in one lung was rapidly increased to 8% 
whilst simultaneously reducing it to zero in the other, the 
authors observed that there was an increase in HR, MAP 
and plasma catecholamine levels without any change in 
blood desflurane levels. These observations could be com- 
patible with the findings of our study where the rise in 
sympathetic activity was directly correlated with desflurane 
concentration and hence the removal of stimulating afferent 
vagal activity from one lung would be more than 
compensated by doubling the concentration in the other 
one. Also, an increase in end-tidal desflurane concentration 
in both lungs from 4% to 8% with an increase in systemic 
desflurane concentration, led to the observation of an even 
greater increase in HR, arterial pressure and catecholamine 
levels.!’ The authors concluded that changes in sympathetic 
activity are due to stimulation of both pulmonary and ‘extra- 
pulmonary’ receptors. However, the authors did not exclude 
the possibility that the greater rise in HR, arterial pressure 
and catecholamines following the increase in desflurane 
concentration to 8% in both lungs could contain a contribu- 
tion due to the stimulation of more airway receptors than 
is the case for a similar increase in one lung only. A further 
argument put forward by the authors supporting the idea of 
extra-pulmonary receptors was the observation in previous 
studies? '! that the increases in HR and MAP occurred 30 s 
after delivery of desflurane to the lungs compared to only 
6 s following electrical stimulation of an ulnar nerve.!” It 
was stated that the difference in response time observed is 
due to desflurane having to reach well-perfused receptors 
outside the airway.” However, Muzi and associates 
illustrated!* that reflex increases in sympathetic activity and 
arterial pressure, assessed as an increase greater than 10% 
above baseline, start within 6 and 12 s, respectively, in 
response to the inhalation of 14.5% desflurane. Moreover, 
the latency to the start of reflex responses in pre-ganglionic 
sympathetic neurons will roughly be the same as from 
nociceptive stimulation of a peripheral nerve. However, the 


time to reach the peak effect will depend on spatial and 
temporal summation of both the receptors, for example for 
desflurane in the lungs, and the efferent sympathetic neurons. 
Hence there is no hard evidence for extrapulmonary recep- 
tors, which is confirmed in this study. 

In a preliminary report of a study conducted on 19 
subjects undergoing cardiac surgery, delivery of desflurane 
via the oxygenator at increasing concentrations produced 
an increase in plasma norepinephrine levels when it was 
increased from 0.75 MAC to 1.5 MAC,!° which was not 
observed with isoflurane. However, desflurane could still 
have reached the pulmonary receptors via the bronchial 
and pulmonary circulation.” In another study in patients 
undergoing similar surgical procedures, the effects of 
desflurane on haemodynamics and plasma catecholamines 
were compared with sevoflurane.!® In contrast to the previ- 
ous study, where isoflurane was compared with desflurane, 
these authors showed that whereas the administration of 
desflurane to the oxygenator at 7.8% did not produce any 
significant change in plasma catecholamine concentrations, 
2.5% sevoflurane produced a decrease. In addition, plasma 
catecholamines were significantly lower following the 
administration of sevoflurane compared with desflurane. '* 

In our study in intact rabbits, the observed increase in 
sympathetic activity at equilibrated desflurane end-tidal 
concentrations of 3% and 6% is unlikely to be baroreceptor 
mediated because in vagotomized animals the fall in arterial 
pressure was similar without sympathoexcitation. This argu- 
ment is also supported by a recent study in human volunteers 
where a significant increase in muscle sympathetic nerve 
activity was observed at increasing steady-state concentra- 
tions of desflurane when the MAP was maintained constant 
with a phenylephrine infusion.’ 

In the vagotomized group of rabbits, there were small 
immediate transient increases in sympathetic activity corres- 
ponding to the rapid initial reflex responses in the intact 
animals. The peak increase occurred within 1 min after each 
change in desflurane concentration which was statistically 
significant for an increase of 14% above baseline at 4.5% 
concentration. This observation suggests that there is a 
small alternative afferent pathway from the lungs to the 
central nervous system other than via the vagus nerves, and 
it has been shown previously that there is a link between 
pulmonary inflation and systemic vascular resistance via a 
non-cholinergic sympathetic vasodilator pathway.”! 

Jn conclusion, in an intact rabbit model there were two 
biphasic responses in sympathetic activity to increasing 
concentrations of desflurane. Firstly, at each increase in 
concentration there was a large initial reflex response almost 
linearly related to the peak inspired concentration, which 
subsequently declined to a stable lower level during 
equilibration. Secondly, whereas after equilibration at lower 
concentrations sympathetic activity remained higher than 
baseline, at higher concentrations there was a major depres- 
sion below baseline. The immediate sympathetic responses 
to rapid increases in desflurane concentrations and also 
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that sustained at lower levels after equilibration at low 
concentrations, were abolished by bilateral vagotomy. There 
was evidence to support a small extra-vagal alternative 
pathway contributing to the immediate response to a sudden 
increase in desflurane concentration. The depression in 
sympathetic activity at high concentration is centrally 
mediated. For practical purposes, sympathoexcitation and 1I 
depression caused by desflurane are mediated peripherally 

and centrally, respectively. 
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Absolute or relative blood volume deficits often occur 
during surgery. The former may result from bleeding while 
the latter may be caused by vasodilation mediated by 
vasodilating substances (e.g. anaesthetics) or rewarming. 
Fluid deficits can also develop in the absence of obvious 
fluid loss secondary to generalized impairment of the 
endothelial barner resulting in diffuse ‘capillary leak’, 
for example during cardiopulmonary bypass or sepsis. 
Hypovalaemia is associated with alterations in blood flow 
that are inadequate to fulfil the nutritive role of the circula- 
tion. During hypovolaemia-related haemodynamic dysfunc- 
tion, the organism tries to compensate for perfusion deficits 
by redistribution of flow to vital organs (e.g. heart and 
brain), resulting in underperfusion of other organs such as 
the gut, kidneys, muscles and skin. Activation of the 
sympathetic nervous system and the renin—aldosterone— 
angiotensin system (RAAS) are compensatory mechanisms 
to maintain peripheral perfusion. Various circulating vaso- 
active substances and inflammatory mediators are also 
released. Although this compensatory neurohumoral activa- 
tion is initially beneficial, it becomes deleterious in the 
hypovolaemic critically ill patient. Adequate restoration of 
intravascular volume thus remains important ın managing 
the surgical patient. 

Increased awareness of the risk of transmitting viral 
diseases, such as hepatitis and AIDS, has resulted in greater 
use of alternatives to blood in volume replacement. A 
reduction in haematocrit is not deleterious even in ‘high- 
risk’ patients, since compensating mechanisms are able to 
guarantee tissue oxygenation and systemic oxygen trans- 
port.*4 % Nevertheless, in the critically ill surgical patient, 
oxygen-carrying capacity must be evaluated carefully. 
Although extensive information is available on the use of 
haemodilution, the ‘safe’ haematocrit 1s still not definitely 
known. In the elderly and in surgical patients with coronary 
artery disease, limitations of cardiac and pulmonary function 
will influence oxygen delivery. Nevertheless, therapy with 


blood or blood components should be restricted to cases 
presenting with severe anaemia or coagulation disorders. 

There are a number of non-blood alternatives for volume 
replacement. The choice between colloid and crystalloid 
solutions continues to generate controversy?! 5! 75 95 9 and 
there is now an added complication in that, besides the 
natural colloid, albumin, several synthetic colloids have 
become available as plasma substitutes.2”? The ‘historical’ 
crystalloid versus colloid controversy focused primarily on 
outcome, but new concepts about critical care, the role of 
inflammation, immunological aspects and wound healing 
may change this perspective.! }3 

Five major factors are of importance when volume 
replacement is being considered: the type of fluid to be 
administered, the amount of fluid, the criteria for guiding 
volume therapy, possible side-effects, and costs. It 1s not the 
aim of this review to create new guidelines for appropriate 
volume therapy in the surgical patient. Nor is this review 
to be another evidence-based analysis of the type which 
has raised so much discussion, as seen by the conflicting 
results of the study by Schierhout and Roberts? and the 
Cochrane study on albumin.!” It is intended to be an expert- 
based analysis of the possible alternatives for volume 
replacement and of published studies on volume replacement 
Strategies in the surgical patient. 


Principles of volume replacement 


Administered fluid may remain in the intravascular compart- 
ment or equilibrate with the interstitial or intracellular fluid 
compartments. The antidiuretic hormone system (ADH), 
the RAAS and the sympathetic nervous system (SNS) are 
involved in the control of volume and the composition of 
each body compartment. The principal actions of these 
neurohumoral systems are: to retain water in order to restore 
water or intravascular volume deficits; to retain sodium in 
order to restore intravascular volume; and to increase 
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hydrostatic perfusion pressure through vasoconstriction. 
Enhanced activity of ADH, RAAS and SNS can occur in 
stress situations, for example during surgery. Although the 
normal response to surgery and starvation results in 
increased metabolic activity, a pre-existing deficit of water 
or intravascular volume may further increase this activity. 
If water or intravascular volume deficits and the stress- 
related stimulus of ADH, RAAS and SNS are additive, 
fluid management could inhibit this process through counter- 
regulatory mechanisms. Several attempts to inhibit or attenu- 
ate the activity of ADH and RAAS by administering 
different volumes of isotonic crystalloid solutions have been 
made.” 111 ADH production is known to be dependent on 
the maintenance of extracellular volume and, in particular, 
the intravascular compartment. Administration of a 
restricted amount of crystalloid solution could possibly 
replace a water deficit, but the replacement of an intravascu- 
lar volume deficit would require much more volume in 
order to inhibit the secretory stimulus of all the hormones 
committed to maintain it. Thus it might be expected that 
the replacement of water alone would not inhibit the normal 
response of ADH and RAAS, whereas administration of a 
combination of crystalloid and colloid solutions (replace- 
ment of water deficit simultaneously with improvement in 
the effective intravascular volume) would achieve this goal. 

The primary goal of volume administration is to guarantee 
stable haemodynamics by rapidly restoring circulating 
plasma volume. Excessive fluid accumulation, particularly 
in interstitial tissue, should be avoided. 

Starling’s hypothesis concerns the exchange of fluid 
across biological membranes. Colloid oncotic pressure 
(COP) is an important factor in determining fluid flux across 
the capillary membrane between the intravascular and 
interstitial space. Thus manipulation of COP appears to be 
useful for guaranteeing adequate circulating intravascular 
volume. The magnitude and duration of this volume effect 
will depend on the specific water-binding capacity of the 
plasma substitute and on how much of the infused solution 
stays in the intravascular space. Because of varying physico- 
chemical properties, the commonly used solutions for 
volume replacement differ widely with regard to COP, initial 
volume effects and duration of stay in the intravascular 
compartment. 


Possible strategies for volume replacement 


Crystalloids 


Crystalloids can be divided into hypotonic (e.g. dextrose 
in water), isotonic (e.g. lactated Ringer’s solution) and 
hypertonic solutions (e.g. 7.5% saline solution). When 
selecting the solution for volume replacement, the electro- 
lyte status of the patient must be known. Crystalloids freely 
permeate through the vascular membrane and are therefore 
distributed in the plasma and interstitial or intercellular 
fluid compartments (Table 1).47 1"! Crystalloids are mainly 
distributed to the interstitial space, colloids mainly to the 


Table 1 Volume of vanous solutions that 1s necessary to expand plasma volume 
by 1000 ml '! ICV, intracellular volume; IFV, interstitial fluid volume; PV, 
plasma volums; RL, lactated Ringer’s solution 





Increase in Infused Change in Increase m 





PY (ml) volume (ml) IFV (ml) ICV (nh) 
5% Albumin 1000 1000 
25% Albumin 1000 250 -750 
5% Dextrose 1000 14000 +3700 9300 
RL 1000 4700 +3700 


intravascular space.” After infusion of 1000 ml of saline 
solution, plasma volume increases by only 180 ml. Only 
25% of infused saline remains in the intravascular compart- 
ment, 75% being extravasated into the interstitial space. 
Consequently, large quantities of fluid (at least four to six 
times the actual intravascular volume deficit) have to be 
infused to achieve normovolaemia when a crystalloid fluid 
regimen is chosen. Moreover, because of their very limited 
volume stabilizing effects, crystalloid infusions have to be 
repeated to maintain filling volume.” When infusing large 
quantities of unbuffered saline, hyperchloraemic acidosis 
could theoretically complicate this type of fluid therapy. 
Severe dilution of plasma protein concentration is accom- 
panied by a (critical) reduction in plasma COP with the risk 
of increasing interstitial oedema. Thus volume replacement 
regimens based exclusively on infusion of the enormous 
amounts of crystalloids that are necessary to guarantee 
haemodynamic stability seem to be less adequate.” *’ Stein, 
Berand and Morisette®® demonstrated that 70% of elderly 
patients suffering from circulatory shock who received 
crystalloids for volume stabilization developed pulmonary 
oedema, in contrast to 25% of a colloid-treated group. 
Massive crystalloid resuscitation alone is less likely to 
achieve adequate restoration of blood flow and tissue 
oxygenation.” In an animal (haemorrhage) experiment, 
Wang, Hauptman and Chaudry! investigated the quality 
of fluid resuscitation by laser Doppler flowmetry. They 
concluded that lactated Ringer’s solution did not restore 
microvascular perfusion sufficiently in this situation. Others 
have also shown that colloids are able to restore (microcircu- 
latory) perfusion more effectively than crystalloids.*4 In an 
animal model of sepsis, greater capillary luminal area, with 
less endothelial swelling and less parenchymal injury, was 
found with colloid infusion (hydroxyethyl starch (HES); 
pentastarch) than with Ringer’s lactate. 


Colloids 


The available colloidal solutions differ in their pharmaco- 
logical characteristics and clinical effects.” 


Albumin 

This is a naturally occurring plasma protein and has long 
been judged to be the kind of solution from which patients 
would profit most (‘gold standard’). Although albumin is 
derived from pooled human plasma, there should be no nsk 
of disease transmission as albumin is heated and sterilized 
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by ultrafiltration. Thus in terms of transmission of infectious 
disease, albumin is generally considered safe. The molecular 
weight of albumin is 69 kDa. Albumin 5% is iso-oncotic, 
whereas 20% and 25% solutions are markedly hyperoncotic, 
so that total plasma volume is expanded by shifting of fluid 
from the interstitial and intercellular to the intravascular 
compartment. In older studies, the oncotic force of concen- 
trated human albumin (e.g. 20%) has been shown to reduce 
pulmonary oedema.** This effect depends on movement 
of albumin between the intravascular and extravascular 
compartments and varies greatly with the patient’s patho- 
logy. In patients with altered vascular endothelial integrity 
(e.g. after cardiac surgery or in septic patients), albumin 
may pass into the interstitial space, promoting fluid shift 
from the intravascular compartment; interstitial volume is 
substantially increased? ° 78 and tissue perfusion may be 
altered. Several recently published studies have questioned 
the value of using albumin for volume replacement!” or for 
correcting hypoalbuminaemia.** 38 Some people are born 
without albumin (congenital analbuminaemia), some of 
whom are remarkably asymptomatic.’ The role of albumin 
is thus unclear. 


Synthetic colloids 


In contrast to albumin, which is monomeric (so all molecules 
are of the same size and weight), synthetic colloids are 
polydisperse, comprising many differently sized molecules. 
Large molecules only contribute minimally to the volume 
expansion effects, they affect viscosity and persist in the 
circulation. Smaller colloid molecules are quickly lost by 
renal filtration or diffusion into the interstitial space. 


Dextrans 

These are a polydisperse mixture of glucose polymers. The 
available preparations are 6% dextran 70 (average mol. wt 
70 kDa) and 10% dextran 40 (average mol. wt 40 kDa). 
The increase in plasma volume after infusion of 1000 ml 
of dextran 70 ranges from 600 to 800 ml. The main 
differences between the two solutions concern their influ- 
ence on the microcirculation. Infusion of dextran 40 
increases microcirculatory flow because of reduced red cell 
and platelet sludging, volume expansion and haemodilution- 
induced reduction in whole blood viscosity.? 


Gelatins 

These are modified beef collagens. Gelatin was introduced 
in 1915 to treat shock and was used extensively during 
World War I. It is listed by the World Health Organization 
as an essential drug but in the USA it was abandoned in 
1978 because of the high incidence of hypersensitivity to 
gelatin.® Three types of modified gelatin are available: 
cross-linked (e.g. Gelofundiol), urea-linked (e.g. 
Haemaccel) and succinylated (e.g. Gelofusin). These pre- 
parations contain different concentrations of electrolytes: 
urea-linked gelatin has a high calcium and potassium 
‘content, while succinylated preparations have low calcium 


and potassium content. The increase in blood volume less 
than the infused volume of gelatin. Because of the low 
molecular weight average (approximately 35 kDa), plasma 
half-life is only short, so repeated infusions of gelatin are 
necessary to maintain adequate blood volume. In spite of 
their limited half-life, gelatins can be used effectively in 
the intensive care patient.® 7° 87 In an animal experiment, 
the volume effects of gelatin and a starch solution were 
also reported to be similar.” 


Hydroxyethylstarch (HES) preparations 

These vary widely with regard to their physicochemical 
properties.”° HES is a derivative of amylopectin, a highly 
branched starch compound. In humans and animals, amylo- 
pectin is rapidly hydrolysed by o-amylase and renally 
excreted. Substitution of anhydroglucose residues of the 
amylopectin by hydroxyethyl groups slows down metabolic 
degradation. The hydroxyethyl groups are introduced mainly 
at positions C2 and C6 of the anhydroglucose residues. 

HES preparations are characterized by: concentration; 
the weight-averaged mean molecular weight (M,, arithmetic 
mean of the molecular weight of all HES molecules); the 
number-averaged molecular weight (M,), that is the median 
molecular weight of all HES molecules; the molar substitu- 
tion (MS), that is the molar ratio of the total number of 
hydroxyethyl groups to the total number of glucose units; 
and the degree of substitution, that is the ratio of substituted 
glucose units to the total number of glucose molecules. 
They are available in a variety of concentrations (3%, 6% 
or 10%), molecular weights (low (LMW), 70 kDa; medium 
(MMW), 200-270 kDa; or high (HMW), 450 kDa) and MS 
(low, 0.5; moderate, 0.62; or high, 0.7). There 1s convincing 
evidence that a-amylase activity depends on the position 
of the hydroxyethyl groups on the glucose molecule (C2, 
C3, C6). The ratio of C2:C6 hydroxyethylation appears to 
be a key factor in the pharmacokinetic behaviour of HES 
and possibly also in its side-effects (e.g. accumulation). 
Unfortunately, the C2:C6 ratio is not yet specified by 
manufacturers. In the USA, only the first-generation HMW- 
HES hetastarch (concentration 6%, My 450 kDa, MS 0.7) 
is currently available for volume replacement. Pentastarch 
(concentration 10%, Mẹ 260 kDa, MS 0.45) is approved 
by the FDA only for plasmapheresis. Pentafraction, a 
diafiltered solution of hydrolysed amylopectin similar to 
pentastarch, has a narrower molecular weight range (My 
280 kDa; MS 0.5) and is not commercially available. 

In Europe, the range of available HES solutions is much 
wider, and different combinations of concentration, M,, and 
MS are available. The extent and duration of plasma 
expansion are extremely dependent on the physical and 
chemical characteristics of the HES solution.”© Thus main- 
tenance of haemodynamic stability seems to be highly 
dependent on the kind of HES preparation used. The 
different HES preparations have different effects on rhe- 
ology, coagulation and oncotic pressure, and differ in their 
intravascular half-lives.’ !°8 The type of HES solution that 
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is most appropriate for particular patients, in terms of 
optimizing the macrocirculation and microcirculation, war- 
rants further investigation. 


Side-effects of volume replacement strategies 


Theoretical and documented hazards are associated with 
each kind of volume therapy. These are discussed below. 


Coagulation 


One major concern with the use of synthetic colloids is a 
possible alteration in the coagulation system. !” Imbalances 
in the normal haemostatic mechanisms are commonly 
seen in surgical patients, because of marked blood loss, 
hypothermia or activation of inflammatory pathways with 
subsequent activation of procoagulatory mechanisms and 
inhibition of anticoagulant pathways. All plasma substitutes 
reduce the concentration of clotting proteins by means of 
haemodilution. 

Crystalloids are widely considered not to affect coagula- 
tion adversely although in in vivo and in vitro experiments, 
blood coagulation activation in moderate crystalloid haemo- 
dilution has been shown.”? ® Increased coagulability has 
been confirmed in an in vitro study at 30% haemodilution 
with saline.?8 

The natural colloid albumin is considered to have no 
significant negative effect on blood clotting. In an animal 
study in which dogs were resuscitated with albumin or 
lactated Ringer’s solution, several clotting assays showed 
no differences, but APTT was prolonged in albumin-treated 
animals.!8 In an in vitro study using serial haemodilution 
(11%, 25%, 33%, 50% and 75%) and thrombelastography 
(TEG), Tobias and colleagues” found that the earliest and 
most profound hypocoagulable effect on the TEG was seen 
with albumin. Using in vitro bleeding time to test primary 
haemostasis, albumin increased the bleeding time.” 

It is generally accepted that dextrans negatively influence 
haemostasis by reducing von Willebrand factor or by 
impairing platelet function.!™ This is one reason why 
use of dextrans has fallen markedly. When administering 
dextran, the concentrations of factor VIIR:Ag and 
VIIR:RCo both decrease significantly. Reduced VIIIR-RCo 
is associated with reduced binding to platelet membrane 
receptor proteins GPIb and GPIIb/IIIa, which results in 
decreased platelet adhesion. 

Little is known of the effects of gelatins on perioperative 
haemostasis. It has been suggested that they do not signific- 
antly affect haemostatic competence.” In an in vitro study, 
however, significant inhibition of platelet aggregation was 
demonstrated by two gelatin preparations (polygelin and 
succinylated gelatin). An in vitro study showed that 3.5% 
polygelin and 4% succinylated gelatin significantly reduced 
clot quality. In a study of six healthy men, infusion of 
1 litre of gelatin resulted in a 1.7-fold increase in bleeding 
time, a substantial decrease in vWg:ag (-32%) and ristocetin 
cofactor (-29%) and a significant impairment of ristocetin- 


induced platelet aggregation.” These recently published 
data emphasize the possibility of an altered haemostatic 
action of gelatin independent of its haemodilution effects. 
Several studies on impaired haemostasis with increased 
bleeding tendency after the use of HES have been pub- 
lished.!" The majority of these studies used the first- 
generation HMW-HES (Mẹ 450 kDa, MS 0.7; hetastarch). 
This HES preparation may induce a type I von Willebrand- 
like syndrome with decreased factor VIL coagulant activity, 
decreased von Willebrand factor antigen and factor VIM- 
related ristocitin cofactor! HMW-HES diminished the 
concentrations of VIIIR:Ag and VIIR:RCo more markedly 
than LMW-HES. HMW-HES also resulted overall in the 
most pronounced impairment of platelet aggregation.? Mod- 
ern MMW-HES preparations did not show the same negative 
effects on platelet function as HMW-HES.? LMW- and 
MMW-HES preparations with a lower MS (0.5) appear to 
be significantly less detrimental to coagulation?’ % % and 
several studies in humans have confirmed that these prepara- 
tions can te used safely.!! 93 9% However, the results of 
investigations on HES in coagulation disorders are incon- 
clusive; some experimental studies (e.g. using in vitro 
haemodilution) have demonstrated considerable alterations 
in haemostasis even with modern HES preparations.” 4° 


Storage, accumulation and pruritus 


Storage and accumulation of synthetic colloids in the body 
may occur. Gelatins and dextrans are naturally occurring 
substances which are fully metabolized in humans. The 
modified starch molecule is the basis of HES solutions—all 
preparations are stored and may accumulate. HES undergoes 
slow intravescular catabolism by œ-amylase. The smaller 
molecules are rapidly eliminated by glomerular filtration. 
Depending on the HES preparation, a varying amount of 
the administered HES leaves the vascular department and 
is taken up by the reticulo-endothelial system (mononuclear 
phagocytic system). The process of body storage of HES 
is not well clarified. With regard to the mononuclear 
phagocytic system, storage appears to have no detrimental 
consequences. 

Itching after administration of HES is a topic of debate. 
In some recently published papers, severe pruritus has been 
reported.*5 6! Special features of HES-induced pruritus 
include long latency of onset and persistence. A dose- 
dependent uptake of HES was first detected in macrophages 
and, thereafter, in endothelial and epithelial cells. Patients 
suffering from pruritus consistently showed additional 
deposition of HES in small peripheral nerves. Most of these 
reports originated from patients treated for sudden deafness. 
These patients had received, over a long period (10-20 
days), up to 2000 g (approximately 20 litre) of a HMW- 
HES with a high degree of substitution. The cumulative 
total dose of HES appears to important in this phenomenon. 

The incidence of pruritus after surgery is difficult to 
determine, because pruritis may occur weeks or even months 
after administration, when the anaesthetist is no longer in 
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contact with the patient. Occasional reports have been 
published. For example, 2000 ml of HES in patients 
undergoing urological surgery has resulted in severe 
pruritus.*> However, one recently published study of more 
than 700 surgical patients has shown no increased incidence 
of pruritus after infusion of two different HES preparations 
(LMW- and MMW-HES) in comparison with lactated 
Ringer’s solution.'2 Further work must be undertaken to 
evaluate fully the risk and mechanisms of pruritus after 
volume replacement, especially with HES. 


Anaphylactic/anaphylactoid reactions 

All colloids used for volume therapy, including the natural 
colloid albumin, have the potential to induce anaphylactic 
or anaphylactoid reactions.°* Most commonly known in 
severity and frequency are dextran-induced anaphylactic 
reactions.” Even prophylaxis with monovalent hapten 
dextran cannot completely eliminate these reactions.” In a 
large clinical trial of approximately 20 000 patients, it was 
demonstrated that some gelatins produce more anaphylactic 
or anaphylactoid reactions than other plasma substitutes. 
Urea-linked gelatin preparations seem to be associated with 
a lower incidence of inducing anaphylactic reactions than 
succinylated gelatin. Severe (life-threatening) anaphylactic 
reactions may also occur with different kinds of HES 
preparations” but appear to be rare. 


Renal function 


Impaired renal function may be another problem with the 
use of synthetic colloids. 6 105 The effects of the different 
volume replacement regimens on renal function are contro- 
versial. Generally, gelatins appear to have no damaging 
effects, although acute renal failure following infusion of 
gelatin has been reported.** Increased creatinine concentra- 
tions in patients treated with (first-generation) HMW-HES 
(M,, 450 kDa, MS 0.5) have been documented.? In a 
retrospective analysis of patients undergoing kidney trans- 
plantation in whom HES with a high degree of substitution 
(0.62) was infused, ‘osmotic-nephrosis-like lesions’ were 
seen on kidney biopsies." These lesions, however, had no 
negative influence on graft function or serum creatinine 
concentration 3 and 6 months after transplantation. 
Cittanova and colleagues!> demonstrated that the use of 6% 
HES (M, 200 kDa, MS 0.62) (2100+660 ml) in brain- 
dead donors resulted in impaired renal function in kidney 
transplant recipients (higher serum creatinine concentrations 
and a more frequent incidence of haemodialysis compared 
with a gelatin-treated group). Thus, HES preparations with 
high Mw or a high degree of substitution, or both, may have 
detrimental effects on renal function. It is not known 
whether. HES preparations with a lower Mẹ or a lower 
degree of substitution also impair renal function. The 
most likely mechanism of causing renal dysfunction is the 
induction of hyperviscosity of the urine by (repeated) 
infusion of hyperoncotic colloids in dehydrated patients. 
Glomerular filtration of hyperoncotic molecules from 


colloids causes a hyperviscous urine and stasis, resulting in 
obstruction of the tubular lumen. There is no convincing 
evidence that colloids induce renal problems in normally 
hydrated surgical patients.’ 


Monitoring of volume replacement therapy 
Assessing and guiding adequate volume therapy remains a 
challenge. The aim of appropriate monitoring is to avoid 
insufficient fluid infusion or fluid overload (‘fluid failure’). 
Standard haemodynamic data, such as arterial pressure and 
heart rate, are often unreliable in detecting volume deficits 
or guiding volume therapy accurately. In spite of some 
negative data,!? pulmonary artery catheters are still widely 
used. However, cardiac filling pressures (central venous 
pressure (CVP) and pulmonary capillary wedge pressure) 
are often misleading for assessing optimal left ventncular 
loading. Cardiac filling pressures may be influenced by 
several factors other than blood volume, including those 
affecting cardiac performance, vascular compliance and 
intrathoracic pressure. Particularly in patients with altered 
ventricular compliance, commonly monitored parameters 
such as CVP, right atrial pressure or right ventricular 
pressure are not always sufficient to judge loading condi- 
tions. Echocardiography appears to be the most specific 
monitoring instrument, but because of its expense it is 
not available for every surgical patient during and after 
operations. Guided by oesophageal Doppler ultrasono- 
graphy, Sinclair, James and Singer®? assessed whether 
intraoperative intravascular volume optimization improved 
outcome and shortened hospital stay after repair of proximal 
femoral fracture. The patients in the control group received 
intraoperative crystalloids (mean 1000 ml, range 700- 
1250 ml) while those in the protocol group received 
crystalloids (mean 725 ml, range 500-1000 ml) plus HES 
(mean 750 ml, range 550-950 ml) to maintain maximal 
stroke volume. Hospital stay was significantly shorter for 
patients in the protocol group (mean approximately 11 days) 
than for those in the control group (20 days). 
Perturbations of organ perfusion are thought to be of 
fundamental importance in the pathogenesis of organ dys- 
function.”? The importance of occult hypovolaemia in the 
development of organ perfusion deficits has been supported 
by several studies.>! © There is no reliable, optimal method 
for routine clinical detection of perfusion deficits. Haemo- 
dynamic parameters such as cardiac index, Vo, and Do, are 
not optimal measures of the adequacy of regional or 
microcircular perfusion.*? The hypovolaemic patient is at 
risk of splanchnic hypoperfusion with subsequent develop- 
ment of bacterial translocation and systemic inflammatory 
response syndrome (SIRS). ® Abnormalities of splanchnic 
perfusion may coexist with normal systemic haemodynamic 
and metabolic parameters. Measurement of gastric intra- 
mucosal pH (pH,) can help diagnose and monitor (hypo- 
volaemia-related) splanchnic hypoperfusion and appears to 
be more useful for predicting postoperative complications. 
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Table 2 Volume replacement ın adult surgical patients COP: colloid oncotic pressure, CRP, C-reactive protem, CVP, central venous pressure; HES, 
hydroxyethyl starch solution; HR, heart rate; MAP, mean artenal pressure, PCWP, pulmonary capillary wedge pressure, PPS, plasma protein solution, PRBC, 
packed red blood cells; RL, lactated Ringer’s solution 








Reference Substances compared Surgery Aim Conclusion 
Halonen, Linko and 6% HES 120/0.6 (n==5), major abdominal fixed doses no difference in bleeding/coagulation, 
Myllyla (1987)! 6% dextran 70 (n=5) and surgery outcome not shown 
4% albumun/blood (n=5) 
Hedstrand and PPS (n= 142) and ‘major to replace sunilar postoperative complications; 
colleagues (1987) 6% dextran (n= 133) surgery blood loss outcome not shown 
Gold and colleagues 5% albumin (n=20) and abdominal HES 2g kg"! no differences ın haemostasis or 
(19907 6% HES 450/0.7 (n=20) aortic surgery albumin 1 g kg"! bleeding; outcome not shown 
Prien and colleagues 10% HES 200/0.5 (n=6), mayor abdominal maintain no differences ın coagulation, 
(1990) 20% albumin (n=6) and surgery CVP level RL led to highest intestinal oedema; 
RL (n=6) outcome not shown 
von Sommoggy 6% HES 450/07 (n=11) and major vessel MAP, HR CVP, no differences in haemodynamics or 
and colleagues (1990)! 5% albumin (n= 13) surgery PCWP, bicod loss coagulation; outcome not shown 
Pertilla, Salo and gelatin (n=9), crystalloids abdominal surgery fixed doses no differences m fibronectin, CRP or 
Peltola (1990) (n=9) and 6% dextran (n=8) (500 ml) total protein, outcome not shown 
Penner, Fingerhut 10% HES 270/0 5 (n=20) total hip fixed doses no differences in haemodynamics, 
and Tacke (1990)7! and 3 5% PPS (n=20) replacement (1000 mi) coagulation or bleeding; outcome not shown 
Hankeln, Senker 10% HES 200/0 5 (n=20) abdominal PCWP > 10 mm Hg HES gave greater improvement in 
and Beez (1990)** and 5% albumin (n=20) aortic surgery (up to 18 mm Hg) haemodynamics and oxygen transport; 
outcome not shown 
Dawidson and RL (n=10) and aortic reconstructive PCWP> 10 mm Hg body weight increased with RL, PV 
colleagues (1991) 3% dextran 60 + RL (n=10) surgery unne >30 mi h! maintained with dextran; outcome not shown 
Claes and colleagues 6% HES 450/0.7 (n=10), (n=9) braim surgery and fixed doses no differences in haemostasis or blood loss, 
(1992)'6 5% albumin (= 10); (n=11D hysterectomy 1000 ml outcome not shown 
Rosencher and 4% albumin (n=30) and total hip compensate for no differences in bleeding or haemostasis, 
colleagues (1992) 6% HES 200/0.62 (n=30) replacement blood loss outcome not shown 
Vogt, Bothner and 5% albumin (n=20) and vessel, 1000, 2000 no change ın haemodynamucs, haemostasis, 
Georgieff (1994)! 6% HES 200/0.5 (n=20) orthopaedic surgery or 3000 ml bleeding or COP, outcome not shown 
McFarlane and Lee 0.9% saline (n=15) and mayor abdomunal fixed dose effect on haemodynamics not shown, saline 
(1994) Plasmalyte 148 (n=15) surgery” ‘clinical staze’ led to increased CI” and base excess, outcome 
not shown 
Thumer (1994)?! 10% HES 200/0.5 (n=30), general, abdomunal maintain more gelatin necessary, gelatin was associated 
6% HES 400.5 (n=30), surgery ‘haemodynamics’ with reduced stability and lower platelet 
3 5% gelatin (n==30) and aggregation; outcome not shown 
6% dextran 60 (n=30) ` 
Huppala and 4% HES 120/0 7 (n=15), abdominal replace no differences ın effect on COP or diuresis; 
colleagues (1995) 3% dextran 70 (n=15), urological surgery blood loss similar clinical effects; outcome not shown 
5% albumin (n==15) and 
6% HES 120/0.7 (n= 15) 
Lisander and 4% albumin (n==20) and hip arthroplasty mamta dextran led to higher blood loss, and greater 
colleagues (1996)°5 6% dextran 70 (n==20) normovolaemia PRBC requirement; outcome not shown 
Vogt and colleagues 6% HES 200/05 (n=20) tup arthroplasty replace blood loss no differences in haemodynamics, 
(1996) !01 and 5% albumin (n=21) 7 haemostasis, blood loss or renal functron; no 
difference in outcome 
Manik, Iglesias and 6% HES 450/07 (n=15) repair of PCWP no differences in haemodynamics, blood loss 
Manm (1997)? and crystalloids (n= 15) aortic aneurysm 10-14 mm Hg or transfusions, splanchnic perfusion umproved 
with HES; no difference in outcome 
Beyer and colleagues 3% modified gelatin (1==22) hip surgery haemodynamics no differences in haemodynamics, haemostasis 
(1997)? and 6% HES (n=19) ‘clinical criteria‘ or renal function’ outcome not shown 
Bothner, Georgieff 6% HES 200/05 (n=247), munor surgery fixed dose no difference in itching (questionnaire); 
and Vogt (1998)!? 6% HES 200/0 5 (n=240) 500 ml HES or outcome’ not shown 
i and RL (n=241) 1000 ml RL 
Vogt and colleagues 6% HES 200/0 5 (n=20) mayor urological according to no differences in haemodynamics 
(1998) 5% albumin (120) surgery blood loss or blood loss, outcome not shown 
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Table 3 Volume replacement in paediatric surgical patients BP, blood pressure, COP, colloid oncotic pressure, HR, heart rate 





Reference Substances compared Surgery 

Hausdorfer. 5% albumin (n=15) and 3 h of surgery 

and Heine £1986)“ 6% HES 40/05 (n=15) (type of surgery not 
specified) 

Stoddardt, Rich and gelann (n=15) and major abdominal 

Sury (1996) 45% albumm (n=15) surgery 





Alm Concluston 





no: differences in renal function or 
haemostasis, HES recommended, outcome not 
shown 

no difference in COP, albumin recommended, 
outcome not shown 


compensate for blood loss, 
keep HR and BP stable 


maintain normovolaenna 








Table 4 Approximate volume effects of different colloidal plasma substitutes 
HES; hydroxyethylstarch solution 


Colloid Volume-restoring Initial effect 
effect (h) (%) 
Long-acting 5-6 
6% Dextran 60 120 
6% HES 450/07 100 
6% HES 200/0.62 100 
Medium-acting 3-4 
10% Dextran 40 200 
6% HES 2000.5 100 
10% HES 200/05 130 
Short-acting 1-2 
6% HES 70/0 5 70 
3% Gelann 70 
5% Albumin 70-90 


Literature analysis of volume replacement 
studies in surgery 

Published studies dealing with volume or fluid therapy in 
surgery were identified using Medline; articles written in 
English, German and French were analysed. Experimental 
or animal studies were excluded because animal models 
cannot completely mimic the changes found in humans. 
Studies in septic intensive care patients and patients suf- 
fering from ARDS were not included. No studies on 
volume replacement in cardiac surgery were analysed and 
prehospital fluid therapy and volume replacement in trauma 
patients were also excluded. Only studies comparing differ- 
ent solutions for volume therapy in the perioperative period 
were analysed. Studies using preoperative acute normovola- 
emic haemodilution as a blood conservation technique 
and comparing different solutions for replacement of the 
withdrawn blood were excluded. Studies that focused 
exclusively on postoperative volume replacement in intens- 
ive care were not reviewed. Unlike recently published 
reviews on this topic,!7 8 only studies published in the period 
from 1985 to 1998 were included, as several innovative 
strategies have been developed in the last 15 years including 
improved surgical and anaesthetic techniques, monitoring, 
ventilation strategies and postoperative critical care man- 
agement. 

In the 21 studies on adults reviewed here (Table 2), patients 
undergoing major vessel surgery (e.g. abdominal aortic sur- 
gery), major abdominal surgery (e.g. pancreatic duodenec- 
tomy) or orthopaedic surgery (hip surgery) were most often 
studied. 12 16 22 37 41 42 45 46 56 59 60 71 72 74 77 91 100-103 Only 


one controlled randomized study on patients undergoing 


neurosurgery was found.! The populations studied by 
different authors varied widely, with from five to 247 
patients in each volume group. The majority of these studies 
compared different colloids for volume replacement (e.g. 
albumin versus HES). This is surprising as some guidelines 
for volume therapy recommended crystalloids as first choice 
in the surgical patient.’ The American College of Surgeons 
classify blood loss by acute haemorrhage into four groups, 
ranging from up to 750 ml to >2000 ml, and specify some 
additional variables (such as blood pressure and urine 
output).6? Fluid replacement should be performed with 
crystalloids (3:1 rule). It is not clear from which studies 
this recommendation was derived. One interesting study 
compared the effects of crystalloids (lactated Ringer’s 
solution) with colloid volume replacement (albumin and 
6% HES (Mx 200 kDa, MS 0.5)).” A significantly greater 
degree of intestinal oedema occurred with Ringer’s lactate. 
This is of particular importance as patients undergoing 
major abdominal surgery were studied, and considerable 
intestinal oedema is disadvantageous in such patients. The 
negative effects of crystalloid volume replacement on the 
gut, in comparison with colloids, have been noted.” 

Dawidson and colleagues showed that crystalloids had a 
limited effect on plasma volume.” The infused volume in 
the viewed studies ranged from 500 to 3000 mi Either 
fixed doses of the different solutions were administered or 
the amount of fluid infusion was adjusted with regard to 
haemodynamic variables (e.g. mean arterial pressure, heart 
rate or CVP). Some studies adjusted volume therapy only 
according to ‘clinical estimation‘, to ‘maintain haemo- 
dynamics’ or ‘according to blood loss’. 

Several studies were carried out to evaluate possible 
alteration of haemostasis by synthetic colloids. The majority 
of studies compared different HES preparations with albu- 
min. Use of dextran led to more bleeding and use of more 
packed red blood cells than use of albumin.>© Use of 
HES was not associated with differences in haemostatic 
competence or increased bleeding tendency in comparison 
with albumin. Haemodynamic efficacy has also been investi- 
gated. All such studies showed similar results, namely that 
there were no differences in haemodynamic efficacy of 
albumin versus synthetic colloids (e.g. HES). 

Some studies concerned the possible negative side-effects 
of synthetic colloids (e.g. on kidney function or itching). 
Renal function was not impaired by HES? 4 1%! and one 
study of more than 700 patients demonstrated no difference 
in the incidence of itching between HES-based and Ringer’s 
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lactate-based volume therapy in patients undergoing minor 
surgery. !? 

There has been much debate about which endpoints 
should be used to assess the benefits of volume replacement 
regimen-patient outcome, length of stay on.the ICU or 
physician’s satisfaction? Does a certain strategy of volume 
replacement improve patient survival or does it just delay 
death for a limited period of time?!!° Outcome was not 
given in most of the analysed studies, so the influence of 
different volume replacement strategies on it cannot be 
determined. 

Only two studies were found comparing different volume 
replacement regimen in children (Table 3).*4 88 In children 
undergoing abdominal surgery, gelatin and HES were com- 
pared with albumin. Neither study found a difference in 
organ function or haemostasis and both studies came to a 
similar conclusion, namely that synthetic colloids appear to 
be safe for volume replacement in children and can widely 
replace albumin for volume therapy in this situation. 


Conclusions 


Well-balanced volume therapy is essential in managing 
patients undergoing surgery. Allogenic blood and blood 
products will still have a place in managing these patients. 
The ‘ideal’ plasma substitute for volume replacement 
remains a matter of dispute, but its requirements can be 
defined. Advantages and disadvantages of colloids versus 
crystalloids for volume replacement have been discussed. 
Recently published meta-analyses or evidence-based medi- 
cine analyses! 14 82 97 appear to be unhelpful in solving 
this problem. With their conflicting results more questions 
arise than answers are given (see also the BMJ website at 
http://www.bmj.com). 

Perioperative fluid requirements will depend on the length 
and complexity of surgery. The primary goal for volume 
replacement therapy is to augment intravascular volume 
and to maintain stable haemodynamics. Microcirculatory 
organ perfusion should also be guaranteed. The benefits 
and disadvantages of each solution for volume replacement 
have to be considered, including the effects on haemostasis, 
renal function and other organ systems. The choice of 
solution for maintenance of circulating volume in the 
individual patient should be based on its pharmacokinetics 
and pharmacodynamics as well as on the patients’ patho- 
physiology (Table 4). In spite of the absence of any 
convincing evidence, consensus guidelines have been pub- 
lished recommending crystalloids as first choice for volume 
replacement.”® Crystalloids appear to be less appropriate 
for resuscitation of the intravascular space because they are 
mainly distributed to the interstial space. Colloids are 
more appropriate for treating intravascular volume deficits. 
Human albumin is still widely used for volume replacement 
in the absence of convincing data in the literature.!° Syn- 
thetic colloids are effective alternative plasma substitutes. 
The different preparations appear to vary little with regard 


to their (acute) haemodynamic efficacy, but they show 
varying (negative) effects on coagulation and varying risk 
of inducing severe, life-threatening anaphylactic reactions. 
The physicochemical properties of the various synthetic 
colloids have mostly been neglected in the different meta- 
analyses. Because of variability between individual colloids, 
it ıs not appropriate to combine studies using different 
colloids. The lower costs of these solutions is a powerful 
argument for using synthetic colloids rather than albumin. 
It has been calculated that a change to the cheapest fully- 
approved colloid on the USA market may save US $300 
million annually. There are no convincing guidelines 
regarding the choice of fluid for volume replacement in the 
surgical patient. This review is not an attempt to create a 
‘cook book’ for volume replacement but, rather, summarizes 
the results of important studies on this problem. It has to 
be doubted whether there will be a definite solution. 
Conflicting results from different studies probably result 
from variations in clinical protocols, selection of patients, 
and criteria for blood or volume administration. A random- 
ized control trial comparing two different solutions would 
require over 6500 (comparable) patients to detect an excess 
mortality of 4%.! Which fluid is more effective is unlikely 
to be answered adequately in terms of mortality. It has been 
questioned whether meta-analyses are helpful for examining 
the effects of crystalloid or colloid fluid resuscitation in 
this respect,’ because mortality was never an endpoint of 
any of the crystalloid or colloid studies. Organ function, 
endothelial inflammation, perfusion and other physiological 
variables should be taken into account when comparing the 
effects of different fluids. Future studies must focus on how 
those patients are identified who may benefit from a 
particular kind of volume replacement strategy and on the 
ımprovement of monitoring measures to recognize volume 
deficits and to guide volume therapy. In spite of many years 
of intensive research on this problem we remember Cecil 
Rhodes’ remark, ‘So little done—so much to do.’ 


References 


I Alexander JW. Mechanism of immunologic suppression in burn 
injury. J Trauma 1990; 30 (Suppl): S70—-5 

2 Allhoff T, Lenhart FP. Severe dextran-induced anaphylactic/ 

anaphylactoid reaction inspite of hapten prophylaxis. Infusronsther 

Transfusionsmed 1993; 20: 301-6 

Arfors KE, Buckley P. Pharmacological characteristics of artificial 

colloids. Baillere’s Clin Anaesthesiol 1997; 11: 15—47 

4 Astiz ME, Rackow EC. Crystalloid-colloid controversy revisited. 
Cnt Care Med 1999; 27: 34-5 

5 Baldo-Enz: G, Baiocchi MR, Vigna G, Andrian C, Mosconi C, 

Felin R. Analbuminemia: a natural model of metabolic 

compensatory systems. j Inher Metab Dis 1987; 10: 317-29 

Beards SC, Watt T, Edwards JD, Nightingale P, Farragher 

EB. Comparison of the hemodynamic and oxygen transport 

responses to modified fluid gelatin and hetastarch in critically ill 

patlents: a prospective, randomized trial. Cnt Care Med 1994; 

22. 600-5 

7 Beyer R. Harmening U, Rittmeyer O, Zielmann S, Mielck F, 
Kazmailer S, Kettler D. Use of modified gelatin and hydroxyethyl 


w 


a 


790 


10 


Volume replacement ın surgery 


starch for volume replacement in major orthopaedic surgery. Br 
| Anaesth 1997; 78: 44-50 

Boldt J, von Bormann B, Kling D, Borner U, Mulch J, 
Hempelmann G. Colloidosmotic pressure and extravascular lung 
water after extracorporeal circulation. Herz 1985; 10: 366-75 
Boldt J, Knothe C, Zickmann B, Andres P, Dapper F, 
Hempelmann G Influence of different intravascular volume 
therapy on platelet function in patients undergoing 
cardiopulmonary bypass. Anesth Analg 1993; 76: | 185-90 

Boldt J, Lenz M, Kumle B, Papsdorf M. Volume replacement 


. strategies on Intensive care units: results from a postal survey. 


19 


20 


2 


22 


24 


25 


26 


27 


intensive Care Med 1998; 24: 147-51 

Boldt J, Muller M, Mentges D, Papsdorf M, Hempelmann G. 
Volume therapy in the critically ill: is there a difference? Intensive 
Care Med 1998; 24. 28-36 

Bothner U, Georgieff M, Vogt NH. Assessment of the safety 
and tolerance of 6% hydroxyethyl starch (200/0.5) solution: a 
randomized, controlled epidemlology study. Anesth Analg 1998; 
86: 850-6 

Chaudry 1H, Ayala A. Immune consequences of hypovolemic 
shock and resuscitation. Curr Opin Anesth 1993; 6° 385-92 
Chai P, Yip G, Quinonez L, Cook D Crystalloids versus collolds 
in fiuid resuscitation: a systematic review Crit Care Med 1999, 
27: 200-10 

Cittanova ML, Leblanc |, Legendre C, Mouquet C, Riou B, 
Coriat P. Effect of hydroxyethylstarch in braln-dead kidney 
donors on renal function in kidney-transplant recipients. Lancet 
1996; 348: 1620-22. 

Claas Y, van Hemelrijk J, van Gerven M, Arnout J, Vermylen J, 
Weidler B, van Aken H. Influence of hydroxyethyl starch on 
coagulation in patients during the perioperative perlod. Anesth 
Analg 1992; 75° 24-30 

Cochrane Injuries Group Albumin Reviewers. Human albumin 
administration in criucally til patients: systematic review of 
randomised controlled trials BMJ 1998; 317: 235-9 

Cagbill TH, Moore EE, Dunn EL, Cohen RG Coagulation changes 
after albumin resuscitation. Crt Care Med 1981; 9 22-6 
Connors AF Jr, Speroff T, Dawson NV et al. The effectiveness 
of right heart catheterization in the intial care of critically ill 
patients. JAMA 1996; 276: 889-97 

Cullen Mj, Singer M. Severe anaphylactoid reaction to 
hydroxyethyl starch. Anaesthesia 1990; 45: 1041-2 

Dawidson I. Fluid resuscitation of shock current controversies. 
Crit Care Med 1989; 17. 1078-80 

Dawidson JJ, Willms CD, Sandor ZF, Coorpender LL, Reisch JS, 
Fry WJ. Ringer's lactate with or without 3% dextran-60 as 
volume expanders during abdominal aortic surgery. Crit Care 
Med 1991; 19: 36-42 

de Jonge E, Levi M, Berends F, van der Emde AE, ten Cate 
JW, Stoutenbeek CP. Impalred haemostasis by intravenous 
administration of a gelatin-based plasma expander in human 
subjects. Thromb Haemost 1998; 79° 286-90 

Dietrich G, Orth D, Haupt W, Kretschmer V. Primary hemostasis 
in hemodilution—infusion solutions. Infusionstherapre 1990; 17: 
214-16 

Druml W, Polzlertner D, Laggner AN, Lenz K, Ulmch W. 
Daxtran-40, acute renal fallure, and elevated plasma oncotic 
pressure. New Engi j Med 1988; 318: 252~3 

Edwards JD, Nighungale P, Wilkins RG, Faragher EB. 
Hemodynamic and oxygen transport response to modified fluid 
gelatin in the critically ill patients. Crt Care Med 1988; 17: 996-8 
Edwards JD. A new debate: colloid versus colloid? In: Vincent 
JL, ed. Yearbook of Intensive Care and Emergency Mediane. Berlin: 
Springer, 1994; 152-64 


791 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


4l 


42 


43 


44 


45 


46 


Egi GA, Zollinger A, Seifert B, Popvic D, Pasch T, Spahn DR. 
Effects of progressive haemodilution with hydroxyethyl starch, 
gelatin and albumin on blood coagulation. Br J Anaesth 1997; 78: 
684-9 

Ernest D, Belzberg AS, Dodeck PM. Distribution of normal 
saline and 5% albumin Infusions In septic patlents. Crit Care Med 
1999; 27: 46-50 

Evans PA, Glenn JR, Heptinstall $, Madira W. Effects of gelatin- 
based resuscitation fluids on platelet aggregation. Br J Anaesth 
1998; 81: 198-202 

Fiddian-Green RG. Gut mucosal ischaemia during cardiac surgery 
In: Taylor K, ed. Seminars in Cardiovascular Surgery. Philadelphia’ 
W. B. Saunders, 1990; [-[1 

Fisher MM, Brady PW. Adverse reactlons to plasma volume 
expanders. Drug Safety 1990; 15: 86-93 

Foley EF, Borlase BC, Dak WH, Bistrian BR, Benotu PN. 
Albumin supplementation in the critically ill. Arch Surg 1990; 
125: 739-42 

Funk W, Baldinger V Microcirculatory perfusion during volume 
therapy. Anesthesiology 1995, 82: 975-82 

Gall H, Schule KD, Boehncke WH, Kaufmann R. Clinical 
and pathophyslological aspects of hydroxyethyl starch-induced 
pruritus: evaluation of 96 cases. Dermatology 1996, 192: 222-46 
Giordano JM, Campbell DA, Joseph WL The effect of 
intravenously administered albumin on dogs with pulmonary 
interstitial edema. Surg Gynecol Obstetr 1973; 137. 593-9 

Gold MS, Russo J, Tissot M, Weinhouse G, Riles T. Comparison 
of hetastarch to albumin for perioperative bleeding in patients 
undergoing abdominal aortic aneurysm surgery. Ann Surg 1990; 
125 482-5 

Golub R, Sorrento Jj, Cantu R, Nierman DM, Moideen A, 
Stein D. Efficacy of albumin supplementation in the surgical 
intensive care unit: A prospective, randomized study. Cnt Care 
Med 1994; 22: 613-9 

Gutierrez G, Bismar H, Dantzker DR, Silva N. Comparison of 
gastric Intramucosal pH with measures of oxygen transport and 
consumption in critically ill patients Crt Care Med 1992; 20: 
451-7 

Haljamae H. Volume substitution in shock. Acta Anaesthesiol 
Scand 1993; 37 (Suppl): 525-8 

Halonen P, Linko K, Myllyla G. A study of haemostasis following 
use of high doses of hydroxyethyl starch 120 and dextran in 
major laparotomies. Acta Anaesthesiol Scand 1987; 31. 320-4 
Hankeln K, Senker R, Beez M. Comparative study of the 
intraoperative effectiveness of 5% human albumin or [0% 
hydroxyethyl starch (HAES-steril) in terms of hemodynamics 
and oxygen transport in 40 patients. Infustonsther 1990; 17° 
135-40 

Haskell PL, Tannenberg AM. Elevated urinary specific gravity in 
acute oligure renal failure due to hetastarch administration NY 
State J Med 1988; 88: 387-8 

Hausdorfer J, Hagemann H, Heine J. Comparison of plasma 
substitutes human albumin 5% and hydroxyethyl starch 6% in 
paediatric anaesthesia. Anaesth Intensrther Notfalimed 1986; 21: 
137-42 

Hedstrand U, Hogman C, Zaren B, Lundkvist B Postoperative 
complications after blood replacement with or without plasma. 
A trial in elective surgery. Acta Chir Scand 1987, 153: 501-5 
Hitppala S, Linko K, Myllyti G, Lalla M, Hekali R, Makelainen A. 
Replacement of major surgical blood loss by hypo-oncotic or 
conventional plasma substitutes, Acta Anaesthesiol Scand 1995; 
39: 228-35 


47 


49 


50 


51 


52 


53 


54 


55 


56 


57 


58 


59 


60 


él 


62 


63 


64 


65 


66 


67 


Beldt 


Hillman K, Bishop G, Bristow P. The crystalloid versus colloid 
controversy: present status. Bailllere’s Cin Anaesthesiol 1997; U1: 
I-f3 

Hussain SF, Drew PJT. Acute renal failure after infusion of 
gelatins. BMJ 1989; 299: 1137-8. 

Jamnicki M, Zollinger A, Seifert B, Popovic D, Pasch T, Spahn 
DR. The effect of potato starch derved and corn starch derived 
hydroxyethyl starch on in vitro blood coagulation. Anaesthesia 
1998; 53: 638-44 

Karoutsos S, Nathan N, Lahrimt A, Grouille D, Feiss P, Cox DJA. 
Thrombelastogram reveals hypercoagulability after administra- 
ton of gelatin solution. Br J Anaesth 1999; 82: 175-7 
Kreimeier U, Peter K. Strategies of volume therapy in sepsis 
and systemic inflammatory response syndrome. Kidney Int 1998; 
53 (Supp! 64): 575-9 

Shatney CH, Chaudry IH. Hydroxethylstarch administration does 
not depress reticuloendothelial function or increase mortality 
from sepsis. Circ Shock 1984; 13: 21-6 

Lamke LO, Liljedahl! SO. Plasma volume changes after Infusion 
of various plasma expanders. Resusatation 1976; 5: 93-8 
Laxenaire M, Charpentler C, Feldman L. Reactions ana- 
phylactoidas aux substitutes colloldaux du plasma: incidence, 
facteurs de risque, mecanismes. Ann Fr Anest Reanmat 1994, 13: 
301-10 

Legendre C, Thervet E, Page B, Percheron A, Noel LH, Kreis H. 
Hydroxyethylstarch and osmotic-nephrosis-ike lesions in kidney 
transplantation. Lancet 1993; 342: 248-9 

Lisander B, Jacobsson SA, Ivarsson |, Vegfors M, Engdahl! O. 
Giving both enoxaparin and dextran increases the need for 
transfusion in revison hip arthroplasty. Eur J Surg 1996; 162: 
861-6 

London MJ, Ho Sj, Tredman JK, Verrier ED, Levin J, Merrick 
SH et al A randomized cinical trial of 10% pentastarch (low 
molecular weight hydroxyethyl starch) versus 5% albumin for 
plasma volume expansion after cardiac operations. J Thorac 
Cardiovasc Surg 1989; 97: 785-97 

Mardel SN, Saunders FM, Allen H, Menezes G, Edwards CM, 
Ollerenshaw L et al Reduced quality of clot formation with 
gelaun-based plasma substitutes. Br j Anaesth 1998; 80: 204-7 
Mank PE, Iglesias J, Marin: B. Gastric intramucosal pH changes 
after volume replacement with hydroxyethyl starch or crystallold 
in patients undergoing elective abdominal aortic aneurysm repair. 
j Crt Care 1997; 12: 51-5 

McFarlane C, Les A. A comparison of Plasmalyte 148 and 0.9% 
saline for intra-operative fluid replacement. Anaesthesia 1994; 
49: 779-81 

Metze D, Reimann S, Szepfalusi Z, Bohle B, Kraft D, Luger TA. 
Persistent pruritus after hydroxyethyl starch infusion therapy: a 
result of long-term storage In cutaneous nerves. Br J Dermatol 
1997; 136: 553-9 

Miller RD. Update on blood transfusions and blood substitutes. 
Anesth Analg 1999; 88 (IARS Suppl): $71-8 

Moran M, Kapsner C. Acute renal fallure associated with elevated 
plasma oncotlc pressure, New Engi | Med 1987; 317: 150-3 
Morisaki H, Sibbald VVJ. Issues in colloid and transfusion therapy 
of sepsis. In: Vincent, ed Yearbook of intensive Care and Emergency 
Mediane. Berlin: Springer, 1993; 357~72 

Munoz E. Costs of alternative colloid solutions. Infect Surg 1987; 
11: 643-8 

Mythen MG, Webb AR. The role of gut mucosal hypoperfusion 
In the pathogenesis of postoperative organ dysfunction. Intensive 
Care Med 1994; 20: 203-9 

Mythen MG, Webb AR. Perioperative plasma volume expansion 


792 


68 


69 


70 


7I 


72 


73 


74 


76 


78 


79 


80 


8I 


82 


83 


89 


reduces the incidence of gut mucosal hypoperfusion during 
cardiac surgery. Ann Surg 1995; 130: 423-9 

Nearman HS, Herman ML. Toxic effects of colloids in the 
intensive care unit. Crt Care Clin 1991; 7: 713-23 

Neumann M, Demling RH. Colloid vs crystalloid: a current 
perspective. Intensive Crit Care Digest 1990; 9: 3-5 

Paull J. A prospective study of dextran-induced anaphylactold 
reactions In 5745 patients. Anaesth Intensive Care 1987; 15- 165-7 
Penner M, Fingerhut D, Tacke A. Effect of a new 10% 
hydroxyethyl starch solution HES 270/0.5 on blood coagulation, 
blood lass and hemodynamics in comparison with 3.5% PPL. 
Infustonstherapie 1990; 17: 314-18 

Pertilla J, Salo M, Peltola ©. Effects of different plasma substitutes 
on plasma fibronectin concentrations in patients undarging 
abdominal surgery. Acta Anaesthesiol Scand 1990; 34: 304-7 
Pittard Aj, Hawkins W], Webster NR. The role of the 
microcirculation in the multi-organ dysfunetion syndrome. Clin 
Intensive Care 1994; 5: 186-90 

Prien T, Backhaus N, Pelster F, Pircher W, Bunte H, Lawin P. 
Effect of intraoperative fiuld administration and colloid osmotic 
pressure on the formaton of intestinal edema during 
gastrointestinal surgery. | Chn Anaesth 1990; 2: 317-23 

Prough DS, Johnston WE Fluid restoration in septic shock: no 
solution yet. Anesth Analg 1989; 69: 699-704 

Quon CF. Clinical pharmacokinetics and pharmacodynamics of 
colloidal plasma volume expanders. J Cardiothorac Anesth 1988; 
2 (Suppl 1): S13-23 

Rosencher N, Vassilieff N, Guigonis V, Toulin P, Consetiler C. 
Comparison of effects of Elohes and albumin on hemostasis in 
orthopedic surgery. Ann Fr Anesth Reanim 1992; 11: 526-30 
Royston D, Minty B, Higgenbottom TW. The effect of surgery 
with cardiopulmonary bypass on alveolar~capillary barrier 
function in human beings. Ann Thorac Surg 1985; 40: 139-44 
Ruttmann TG, James MFM, Viljoen JF. Haemodilution induces a 
hypercoagulable state. Br j Anaesth 1996; 76: 412-14 

Ruttmann TG, James MFM, Aronson I. In vivo investigation Into 
the effects of haemodilution with hydroxyethy! starch (200/0.5) 
and normal saline on coagulation. Br J Anaesth 1998; 80: 612-6 
Sanfelippo MJ, Suberviola PD, Geimer NF. Development of a von 
Willebrand-like syndrome after prolonged use of hydroxyethyl 
starch. Am J Clin Pharmacol 1987; 88: 653-5 

Schierhout G, Roberts |. Fluid resuscitation with colloids or 
crystalloids in critically ill patients: a systematic review of 
randomised trials. BM] 1998; 316: 961-4 

Sinclair S, James S, Singer M. Intraoperative Intravascular volume 
optimisation and length of hospital stay after repair of proximal 
femoral fracture: randomised controlled trial. BMJ 1997; 315: 
909-12 

Spahn DR, Leone BJ, Reves JG, Pasch T. Cardiovascular and 
coronary physiology of acute isovolemic hemodilution: a review 
of nonoxygen-carrying and oxygen-carrying solutions. Anesth 
Analg 1994; 78: 1000-21 

Spittal MJ, Findlay GP. The seven year itch. Anaesthesia 1995; 
50: 913-14 

Stein L, Berand J, Morisette M. Pulmonary edema during volume 
Infusion. Circulation 1975; 52; 483-9 

Stockwell MA, Scott A, Day A, Riley B, Soni N. Colloid solutions 
In the critically ill. Anaesthesia 1992; 47; 7-9 

Stoddart PA, Rich P, Sury MRJ. A comparison of 4.5% albumin 
and haemaccel in neonates undergoing major surgery. Paediatr 
Anaesth 1996; 6: 103-46 

Strauss RG. Review of the effects of hydroxyethyl starch on the 
blood coagulation system. Transfusion 1981; 21: 299-309 


90 


9 


92 


93 


94 


95 


96 


97 


98 


99 


100 


Volume replacement in surgery 


Takala J. Splanchnic perfusion in shock. Intensive Care Med 1994, 
20: 403-4 

Thurner F. Effects of four diffferent plasma expanders on 
plasmatic coagulation and platelet function. Intensiv Notfall- 
behandlung 1994; 19: 8-13 

Tobias MD, Wambold D, Pilla MA, Greer F. Drfferential effects 
of serfal hemodilution with hydroxyethyl starch, albumin, and 
0.9% saline on whole blood coagulation. { Clin Anesth 1998; 10: 
366-71 

Trelb J, Haass A, Pindur G, Grauer MT, Wenzel E, Schimrigk. 
All medium starches are not the same: influence of hydroxyethyl 
substtuton of hydroxyethyl starch on plasma volume, 
hemorrheologic conditions, and coagulation. Transfusion 1996; 
36: 450-5 

Treb J, Haass A, Pindur G. Coagulation disorders caused by 
hydroxyethyl starch. Thromb Haemost 1997; 78: 974-83 

van der Linden P, Schmartz D, DeGroote F, Mathieu N, 
Willaert P, Rausin |, Vincent JL. Critical haemoglobin 
concentration in anaesthetized dogs: comparison of two plasma 
substitutes. Br J Anaesth 1998; 81: 556-62 

Vaupshas HJ, Levy M. Distribution of saline following acute 
volume loading: postural effects. Gin Invest Med 1990; 13: 165-77 
Velanovich V. Crystallold versus colloid fluid resuscitation: a 
meta-analysis of mortality. Surgery 1989; 105: 65-71 
Vermeulen LC, Ratko MA, Erstad BL, Brecher ME, Matuszewski 
KA. A paradigm for consensus—the university hospital consortium 
guicelines fo the use of albumin, nonproteln colloids, and 
crystalloid solutions. Arch Intern Med 1995; 155: 373-9 
Vincent JL. The colloid—crystalloid controvery. Klin Wochensch 
1991; 69 (Suppl XXVI}: S104-1] 

Vogt NH, Bothner U, Georgieff M. Comparson of human 
albumin 5% and 6% HES 200/0.5 as exclusive colloid component 
In major surgery. Anaesthesiol Intensrwmed Notfallmed Schmerzther 
1994, 29: 150-6 


793 


101 


102 


103 


104 


105 


106 


107 


108 


109 


110 


Vogt NH, Bothner U, Lerch G, Lindner KH, Georgieff M. Large- 
dose administration of 6% hydroxyethyl starch 200/0.5 for total 
hip arthroplasty: plasma homeostasis, hemostasis, and renal 
function compared to use of 5% human albumin. Anesth Analg 
1996; 83: 262-8 

Vogt N, Bothner U, Lerch G, Geogieff M. Pharmakokinetik und 
onkotisches Verhalten von hochdosierter Hydroxyethylstarke 
bei operativen Eingriffen im Vergleich zu Humanalbumin 5%. 
Infustonsther Transfusionsmed 1998; 25: 212-21 

von Sommoggy S, Frauenhofer J, Jelen-Esselborn S, Stemberger A 
Coagulation changes during aortofemoral bifurcation bypass 
operations: Plasma substrtution possible with hydroxyethyl starch 
(HES) only? Anaesthesist 1990; 39: 353-60 

Wagner BK, D’Amelio LF. Pharmacologic and clintcal 
considerations In selecting crystalloid, colloldal, and oxygen 
carrying resuscitation flulds. Part 1. Clin Pharmacol 1993; 12: 
335-46 

Waldhausen P, Kiesewetter H, Letpnitz G et al. Hydroxyethyl 
starch Induced transient renal insufficiency in glomerular failure. 
Acta Med Austr 1991; 18 (Suppl 1): S52—5 

Wang P, Hauptman JG, Chaudry IH Hemorrhage produces 
depression in microvascular blood flow which persists despite 
fluid resuscitation. Circ Shock 1990; 32: 307-18 

Warren BB, Durieux ME. Hydroxyethyistarch: safe or not? Anesth 
Analg 1996; 84: 206-12 

Webb AR, Barclay SA, Bennett ED. In vitro colloid osmotic 
pressure of commonly used plasma substitutes: A study of the 
diffustbillty of colloid molecules. Intensrve Care Med 1989, I5: 
116-20 

Webb AR. Crystalloid or colloid resuscitation. Are we any 
wiser? Crit Care 1999; 3: R25-8 

Weissman C. Intensive care medicine—editorial comment. Curr 
Opin Anaesth 1995; 8: 107-8 

Zornow MH, Prough DS. Fluid management in patients with 
traumatic brain injury. New Horz 1995; 3: 488-98 


British Journal of Anaesthesia 84 (6): 794-6 (2000) 


BJA 





SHORT COMMUNICATION 





Intravenous clonidine infusion in critically ill children: 
dose-dependent sedative effects and cardiovascular stability 


C. Ambrose, S. Sale, R. Howells, C. Bevan, I. Jenkins, P. Weir, P. Murphy and A. Wolf* 


Paediatric Intensive Care Unit, Bristol Royal Hospital for Sick Children, St. Michael’s Hill, 


Bristol BS2 8BJ, UK 


*Corresponding author 


Clonidine is used for analgesia and sedation in paediatric anaesthesla, but there are no data on 
its sedative properties and side effects in critically ill children. We studied 30 ventilated children 
aged 10 yr and under to determine an effective i.v. dosing range and to assess Its cardiovascular 
effects. Twenty non-paralysed, ventilated children were given a background infusion of 
midazolam 50 pg kg! h7! combined with a variable clonidine infusion (0.1-2 ug kg! ho!) to 
maintain optimal sedation. The effects of clonidine | pg kg! h`! on cardiac index were 
measured in 10 postoperative cardiac patients using a reverse Fick method. Dose-dependent 
sedation was achievable (713 out of 861 h) without cardiovascular side effects, but an infusion 
limit of clonidine | pug kg! h! was Inadequate in two patients. An increased dose limit of 
2 ug kg! h! combined with midazolam 50 pg kg! h`! achieved satisfactory sedation scores 
for 602 out of a total of 672 h studied with no failures. Clonidine In combination with 
midazolam at | pg kg! h7! was not associated with significant changes in heart rate arterial 


pressure or cardiac index. 
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Clonidine is a lipid-soluble, partial o-2 adrenoreceptor 
agonist with antihypertensive, analgesic and sedative proper- 
ties. Recently there has been much interest in the paediatric 
literature on the use of clonidine as an oral premedicant 
and as an adjunct to epidural blockade to provide long- 
lasting analgesia without ventilatory depression.! Data from 
the adult intensive care has suggested that clonidine can 
provide dose-dependent sedation with cardiovascular 
stability and a noticeable lack of drug tolerance and with- 
drawal.* > These attributes suggest that clonidine might be 
a useful continuous i.v. sedative in the critically ill child, 
but we are not aware of any data defining a dose range or 
describing its use in this population. In this open dose 
ranging study, we set out to determine whether clonidine 
is an effective sedative agent in the ventilated child, to 
establish a clinical dose range for sedation, and to assess 
cardiovascular side effects. 


Methods and results 


With appropriate ethical approval and informed parental 
consent, 30 children, aged 10 yr and under were enrolled 


in a three-part study. Ten ventilated, unparalysed critically 
ill children (group 1) were sedated with a variable i.v. 
infusion of clonidine (0.2-1.0 ug kg ho!) together with a 
fixed background dose of midazolam 50 ug kg’ h. The 
clonidine infusion was started at 0.6 ug kg™! bo! in neonates 
and 0.8 ug kg! ho! in children older than 6 months. The 
infusion was increased or decreased by 0.2 ug kg bo} 
according to the level of sedation which was measured 
hourly by the nursing staff using a sedation score* derived 
from the observational pain score (OPS).° The score ranges 
from 0 to 10 with optimal sedation between 2 and 7, and 
the clonidine infusion was adjusted to try to maintain 
sedation within this band. Children with a sedation score 
of greater than 7, despite maximal clonidine, were given 
an increased infusion of midazolam (100 ug kg! h!) for 
up to 2 h and, if sedation remained inadequate after this 
time, the technique was deemed to have failed. Heart rate 
and blood pressure were recorded as part of the routine 
paediatric intensive care unit (PICU) practice. 

A further 10 postoperative cardiac surgical patients were 
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Fig 1 Median and interquartile infusion rates of clonidine needed to achieve adequate sedation using a maximum infusion of 1 (patients 1-10) or 
2 ug kg! ho! (patents 11-20) Asterisks denote the failure of sedation in patients 4 and 10 in the low-dose clonidine infusion rates. 


assessed for the haemodynamic effects of a fixed clonidine 
infusion at a rate of 1.0 ug kg! hr! specifically to determine 
if there were effects on cardiac index, heart rate and arterial 
pressure at this dose. Core and peripheral temperature were 
measured routinely but were not documented for the purpose 
of this study. These patients had central venous, pulmonary 
arterial and systemic arterial catheters in place which 
allowed trends in cardiac index to be measured using the 
reversed Fick method (cardiac output = oxygen demand/ 
arteriovenous oxygen difference). Oxygen uptake was not 
measured, but an assumption was made that oxygen demand 
would be relatively fixed in these anaesthetized, paralysed 
but stable patients. An oxygen uptake® of 160 ml min?! 
m7? was taken as a representative value in order to calculate 
trends in cardiac index. Most patients were receiving low- 
dose ionotropic support on return from theatre, but these 
infusions either remained at the same rate or were reduced 
during the 8-h study period. High-dose morphine (0.5 mg 
kg!) was given in a standardized fashion to all patients 
after separation from cardiopulmonary bypass, and a rectal 
dose of chloral hydrate (25 mg kg!) was given to all 
patients on arrival on the intensive care unit. This allowed 
patients to maintain adequate levels of analgesia and 
sedation prior to starting the clonidine infusion. Heart 
rate, arterial pressure and cardiac index parameters were 
measured immediately on returning to the intensive care 
unit from theatre and at 30-min intervals for 2 h before 
starting the clonidine infusion, and thereafter at 1-h intervals 
for 6 h. 

Having assessed the cardiovascular safety aspects using 
a clonidine infusion of 1 ug kg h!, we studied a further 
group of unparalysed, ventilated patients (group 2), using 
an identical study design to that used in the initial part of 
the study, but with a new maximum infusion dose of 
clonidine 2 ug kg! h. 

The first group of patients, in whom sedation was 
assessed, ranged from 7 to 38 months old (median 
12.5 months). The study duration ranged from 21 to 222 h 
(total study time 861 h). There was large variability in 


the infusion rates required to achieve acceptable sedation 
(patients 1-10 in Fig. 1). Two patients failed to maintain 
adequate sedation at the maximum infusion of clonidine 
1 pg kg bh, but the other eight patients were adequately 
sedated (score of 2-7) for the entire study period. Using 
the data from the eight patients that successfully completed 
the study, and the data up to withdrawal for the other two 
patients, sedation was judged adequate for 713 of the 861 
study hours (89% of the total study time). Children in group 
2 receiving up to 2 ug kg h! clonidine were significantly 
younger than patients in group 1. Ages varied from 1 day 
to 15 months (median 2.0 months) and the individual study 
duration ranged from 25 to 181 h (total study 672 h). 
Median clonidine infusion rates for group 2 are shown as 
patients 11-20 in Figure 1. Adequate sedation was recorded 
in 602 of the 672 hourly assessments (89.5%), and there 
were no failures. It was clear from both groups that 
increasing the clonidine infusion increased the levels of 
sedation in a dose-dependent fashion. Bradycardia and 
hypotension were not recorded in any patient. 

The group receiving a fixed infusion of 1 ug kg? h`! 
had no significant change in trends over 6 h in heart rate 
(166 (sD 17.9) to 154 (20.2) beat min-'), blood pressure 
(60 (9.8) to 64 (11.1) mm Hg) or derived cardiac index 
(5.7 (2.2) to 6.0 (1.51) ml m>? min“). 


Comments 


These data suggest that a variable i.v. infusion of clonidine 
at 0.2-2.0 ug kg? hv! in combination with a fixed low- 
dose infusion of midazolam, can provide dose-dependent 
sedation in ventilated critically ill children without adverse 
effects on cardiovascular performance. It is unclear whether 
doses greater than 2.0 ug kg h` of clonidine can increase 
sedation without significant haemodynamic effects. Mor- 
phine and midazolam are commonly used for sedation in 
PICU but prolonged use results in tolerance and withdrawal 
phenomena. In adults, clonidine is commonly used to aid 
opioid withdrawal and has been used as an effective 
alternative sedative to opioids. We have now used this 
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drug routinely in our PICU for 3 yr, as a replacement for 
morphine in those patients who have become tolerant to 
opioids or who are difficult to sedate. Ventilatory side 
effects, tolerance and withdrawal have not been significant 
features of this drug in our clinical practice even after long- 
term use of 7 days or more, but there are no published data 
to confirm this. Further substantive studies are needed to 
define its role within PICU and determine its side effect 
profile in the paediatric population. 
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The complications of carotid endarterectomy (CEA) under cervical plexus blockade have yet 
to be fully evaluated. Two different cases are presented; both patients suffered sudden collapse 
following superficial and deep cervical plexus block in preparation for CEA. The causes, 
presenting signs and differential diagnoses are discussed. The safest cervical plexus anaesthetic 


block technique has not yet been established. 
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Carotid endarterectomy (CEA) under deep and superficial 
cervical plexus block may be becoming more popular 
because of the possible overall lower incidence of morbidity 
and mortality.! A conscious patient avoids the need for 
transcranial Doppler, electroencephalography, evoked 
potentials, stump pressures, near-infrared spectroscopy and 
jugular venous oximetry to monitor cerebral function. The 
need for a shunt during cross-clamping may be reduced. 
At present, there is a paucity of trials that have assessed 
and quantified the complications from regional anaesthesia. 
Some of the larger trials failed to mention any anaesthesia- 
related complications.” As cervical plexus blockade becomes 
more widespread in its use, there is a need to be familiar 
with its life-threatening complications and a need to produce 
further clear evidence in favour of this technique. 


Case 1 


A 67-yr-old male patient was admitted for right carotid 
endarterectomy. He had suffered a left hemisphere cerebro- 
vascular accident 9 yr previously and recurrent right 
amaurosis fugax. Examination revealed bilateral carotid 
bruits, and carotid duplex scans recorded >90% stenosis 
on the right and >70% stenosis on the left. He had suffered 
a myocardial infarction 6 yr previously but had made a 
good recovery and had good exercise tolerance, requiring 
only occasional glyceryl trinitrate. His electrocardiogram 
(ECG) was normal; chest x-ray showed evidence of chronic 
obstructive airways disease. Full blood count, clotting 
studies, blood glucose, urea and electrolytes were all within 
normal limits. 


On the day of surgery he was premedicated with tema- 
zepam 10 mg orally. In the anaesthetic room 1.v. access 
was established and a cannula inserted into the left ulnar 
artery. Oxygen 4 litres min“? was delivered by nasal 
cannulae and ECG, pulse oximetry (Spo,) and invasive 
blood pressure monitoring were commenced. Right deep 
cervical plexus block was performed using a three-injection 
technique as described by Lofstrom.? Using a 1000.8 mm 
Stimuplex® needle (B. Braun, Melsungen, Germany) and 
a nerve stimulator, the deep cervical plexus was accurately 
located at three levels (C2, C3 and C4). After immobilizing 
the needle, aspirating to check for blood and cerebrospinal 
fluid, 5 ml 0.75% ropivacaine was injected at each level. 
This was followed by a superficial cervical plexus block in 
which 10 ml 0.75% ropivacaine was injected along the 
posterior border of the sternocleidomastoid muscle at the 
level of C3 using a retrobulbar needle. 

Whilst completing the superficial cervical plexus block, 
the patient complained of feeling generally unwell and 
having difficulty breathing. He had no symptoms or signs 
of acute local anaesthetic toxicity. Within 10 min of finishing 
the superficial cervical plexus block he developed a transient 
left hemiparesis and left facial nerve palsy before becoming 
rapidly unconscious and apnoeic. Systolic blood pressure 
dropped to 60 mm Hg and the heart rate was 100 beat 
muin“!, The patient’s lungs were immediately ventilated with 
100% oxygen using a bag and mask, and the patient’s trachea 
was intubated. During laryngoscopy, the gag, laryngeal and 
peripheral reflexes were entirely absent and no anaesthetic 
drugs were required. The blood pressure recovered to 
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preoperative levels following 12 mg of incremental i.v. 
ephedrine. It was decided to postpone surgery, and 1 h after 
the cervical plexus block was performed the patient was 
transferred to the Intensive Care Unit (ICU). No sedation 
had been commenced at this stage. 

Within 15 min of admission to the ICU, the patient 
abruptly woke up and started breathing. At this point it was 
decided to extubate the patient’s trachea because he was 
conscious, responding to commands, had good spontaneous 
ventilation with Spo, of 98-100% and was cardiovascularly 
stable. The patient was completely alert and oriented, and 
close examination revealed normal tone, power, sensation, 
proprioception and reflexes ın all limbs, and no residual 
neurological deficit. The patient was discharged from the 
ICU and allowed home 48 h later having made a full 
recovery. Two subsequent computerized tomography (CT) 
scans showed neither evidence of new cerebral infarction 
nor haemorrhage. This patient continued to have recurrent 
episodes of amaurosis fugax and was admitted 6 weeks 
later and underwent a successful eversion endarterectomy 
of the right carotid artery under general anaesthesia. 


Case 2 


A 71-yr-old man presented for a right carotid endarterec- 
tomy. He had a 6-month history of intermittent slurring of 
the speech, and 4 months previously he had suffered sudden 
onset of weakness of the left arm and leg. This episode 
resolved completely after a week. Preoperative duplex 
studies revealed >90% stenosis of the right carotid artery 
and <50% stenosis of the left carotid artery. He also suffered 
from insulin-dependent diabetes mellitis complicated by 
diabetic retinopathy and peripheral neuropathy. He had 
peripheral vascular disease with intermittent claudication 
but no history of chronic respiratory disease. He claimed 
to have no angina but recently required three pillows in 
bed to prevent orthopnoea. Routine preoperative blood tests, 
ECG and chest x-ray were normal. 

No premedication was prescribed. In the anaesthetic 
room, the patient was comfortably positioned supine and 
oxygen given via nasal cannulae at 4 litres min“. A left 
radial arterial cannula was sited. The blood pressure was 
140 mm Hg systolic, pulse 100 beat min“ and Spo, 96%. 
A large bore i.v. cannula was sited and fentanyl 25 pg 
given i.v. A right superficial cervical plexus block was 
performed using 10 ml plain 0.5% bupivacaine. A 
100X0.8 mm Stimuplex® needle and a nerve stimulator 
was used to locate the deep cervical plexus at four levels 
(C2, C3, C4, C5), and 5 ml of a mixture of 10 ml 2% 
lidocaine and 10 ml 0.5% bupivacaine was injected at each 
level. The regional blockade was technically uncomplicated. 

Over a 5-min period following the last injection at C2, 
the patient became distressed and complained of being 
‘unable to breath’. The patient was noted to be hypoventilat- 
ing and a progressive desaturation on pulse oximetry from 
96 to 72% was observed. The systolic blood pressure 


increased to 170 mm Hg. There was no seizure. Following 
pre-oxygenation with 100% oxygen, the patient’s trachea 
was intubated using a rapid sequence induction with 
etomidate 20 mg and suxamethonium 100 mg, and manual 
intermittent positive pressure ventilation commenced with 
100% oxygen. The oxygen saturation returned to 96%. No 
vasopressors were required to maintain blood pressure or 
pulse, and following intubation the systolic blood pressure 
rose to 180 mm Hg and the pulse to 110 breath min“. 
These values returned to pre-operative levels 20 min after 
intubation. Between 10 and 15 min following intubation 
spontaneous ventilation recommenced. 

The planned surgery was abandoned and the patient 
admitted to the ICU for continued ventilation. The patient 
was ventilated for a total of 110 min and then extubated 
uneventfully. No abnormal neurological symptoms or signs 
were noted on emergence from sedation and the patient’s 
vital signs were initially stable. After extubation, over the 
course of the ensuing 35 min, the patient developed acute 
left ventricular failure, which was successfully treated using 
facemask oxygen, i.v. frusemide 50 mg, diamorphine 2.5 mg 
and an isosorbide dinitrate i.v. infusion. 

The patient was discharged from the ICU 24 h later. 
Serial postoperative ECGs and cardiac enzymes (creatine 
phosphokinase MB) remained normal. A CT scan of the 
head performed 24 h after the collapse revealed small vessel 
ischaemic change and calcification of the basal ganglia, but 
neither evidence of a new infarction nor focal haemorrhage 
was seen. A repeat CT scan 2 weeks later was similar in 
appearance. The patient was discharged, but was readmitted 
3 weeks later with a further episode of acute left ventricular 
failure. This was treated medically with frusemide and 
lisinopril and resolved. An echocardiogram performed on 
this occasion revealed a dilated left heart with mild/moderate 
mitral regurgitation and global hypokinesia. 


Discussion 
CEA under cervical plexus block anaesthesia may be 
advantageous.! However, we found only three case reports 
regarding the complications of cervical plexus block anaes- 
thesia for CEA.** Some studies, however, have reported 
complications of the cervical plexus block itself, and include 
paroxysmal coughing, anxiety, shortness of breath, agitation, 
high cervical blockade,’ hemidiaphragmatic paresis, ® airway 
obstruction, seizures and tachycardia as a result of intravas- 
cular injecticn and drowsiness and unconsciousness from 
local anaesthetic toxicity. Additionally, the problems of 
hoarseness. dysphagia, stellate ganglion block and Horner’s 
syndrome have been highlighted. 1° 

Brainstem anaesthesia has been reported as a complication 
of stellate ganglion block,!! interscalene brachial plexus 
block, '? !3 parascalene brachial plexus block, and subarach- 
noid injection during retrobulbar block causing brainstem 
anaesthesia has been well documented,'*-!? Symptoms 
appear rapidly within 2-10 min following the block and 
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include restlessness, vomiting, drowsiness, confusional 
state, cardiac depression and respiratory arrest. 

There are several possible causes of collapse following 
cervical plexus blockade in our patients. Unconsciousness 
occurring 20 min after cervical blockade has been reported 
previously but the details are scanty.® Local anaesthetic 
toxicity was the presumed mechanism. In both cases pre- 
sented here, neither seizures typical of local anaesthetic 
toxicity from inadvertent injection into the vertebral artery 
nor central nervous system excitation from rapid inadvertent 
i.v. injection were observed, and the lateralizing neurological 
signs observed in case 1 would not be characteristic of 
toxicity.!’ Furthermore, ropivacaine has a lower potential 
for toxicity which makes it a very suitable agent for cervical 
plexus anaesthesia.!9 2 The total dose of ropivacaine given 
(187.5 mg) was below the manufacturer’s dose guidelines 
(225-300 mg). The subsequent CT scans of the brain 
in both patients excluded acute cerebral infarction and 
haemorrhage. In case 1, the rapid loss of consciousness, 
absence of brainstem reflexes on laryngoscopy, apnoea, 
hypotension and full neurological recovery supports the 
diagnosis of acute brainstem anaesthesia. The lateralizing 
neurological signs that presented early in this patient’s 
collapse are not characteristic of brainstem anaesthesia, and 
transient cerebral ischaemia secondary to hypotension is a 
more likely explanation for the transient hemiparesis. Win- 
nie has described three ways that local anaesthetic agents 
can cause a subarachnoid block during a brachial plexus 
block, and it is reasonable to assume that these mechanisms 
hold true for a cervical plexus block.”! Firstly, the needle 
may be inserted directly through the intervertebral foramina 
and the anaesthetic agent injected directly intrathecally. 
Second, the tip of the needle may enter a dural cuff that 
sometimes accompanies a nerve for a short distance distal 
to the intervertebral foramina, causing a direct intrathecal 
injection. Third, local anaesthetics injected into the nerve 
itself can spread centripetally to the subarachnoid space. In 
case 1, no cerebrospinal fluid was aspirated before injection 
and there was no delayed headache, although this does not 
necessarily preclude the possibility of dural puncture. No 
pain was elicited on injection, making a direct intraneural 
injection unlikely. It is reasonable to speculate that the 
mechanism of brainstem anaesthesia was accidental injec- 
tion into a dural cuff 7 

A meticulous technique involving careful positioning of 
the needle with caudal angulation, accurate location of the 
cervical plexus using nerve stimulation, needle immobiliza- 
tion and careful aspiration before slow injection of the local 
anaesthetic agent, as performed in these cases, does not 
guarantee that brainstem anaesthesia will be avoided. The 
administration of a small test dose at each injection site 
would require a wait of several minutes before the adminis- 
tration of the main dose to check for the possibility 
of brainstem anaesthesia, and in practice this would be 
cumbersome and impractical. It is therefore imperative that 
anaesthetists performing this technique are fully aware and 


prepared for this rare complication. Factors associated with 
cervical block include: ill-defined anatomy of the neck and 
cervical spine; obesity; inability to position the patient 
correctly; poor patient cooperation; repeated needling before 
finding the correct position; failure to carefully aspirate for 
blood or cerebrospinal fluid; and rapid injection of local 
anaesthetic agent.? None of these risk factors was present 
in either case. 

There 1s no clear evidence that a single injection technique 
for cervical plexus blockade 1s safer than the three-injection 
technique or vice versa, but it is clearly necessary to 
compare different techniques for safety and complications.” 
Although accidental brainstem anaesthesia with cervical 
blockade is a rare event, further study should be undertaken 
to verify the safest technique to reduce the risk of this 
particular complication. 

The diagnosis in case 2 at the time of presentation was 
not so clear. There was no rapid loss of consciousness, no 
significant hypotension, and tracheal intubation required 
anaesthesia and muscle relaxation which excludes brainstem 
anaesthesia. No sensory or motor signs were noted ın the 
upper limbs and Horner’s syndrome was not seen, making 
a diagnosis of an accidental epidural injection unlikely.” 
Left ventricular failure at the time of the block may be a 
cause of hypoventilation and desaturation, but in case 2 
this would have been exacerbated by possible phrenic nerve 
paralysis. Diaphragmatic motion abnormalities have been 
demonstrated previously in 61% of patients receiving cer- 
vical plexus blocks, and respiratory distress due to phrenic 
nerve palsy following deep cervical blockade has already 
been reported in a patient with chronic respiratory 
disease." 8 The most likely diagnosis ın case 2 ıs cardio- 
respiratory failure exacerbated by a possible phrenic nerve 
paresis in a patient with pre-existing poor left ventricular 
function. It has been previously highlighted that cervical 
plexus block should be used with great care in patients 
with pre-existing chronic respiratory disease, but our case 
report highlights the need for caution in patients with left 
ventricular failure. 

Although deep cervical plexus block for CEA has advant- 
ages, anaesthetists need to be constantly vigilant when 
performing this procedure, and more willing to report and 
study the related complications. 
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Transoesophageal echocardiography (TOE) Is valuable for perioperative monitoring in patients 
at risk from haemodynamic disturbance. However, its use is not practicable in patients 
undergoing surgical procedures under regional anaesthesia. We describe two cases showing 
that transthoracic echocardiography (TTE) has the same advantages as TOE and thus may be 
valuable for monitoring awake patients. TTE should be considered when extended perioperative 
haemodynamic monitoring is needed but TOE ts not possible. 
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Transoesophageal echocardiography (TOE) is valuable for increase in LV systolic dimension (i.e. wor 
perioperative monitoring in patients at risk for haemo- function). 
dynamic disturbance.' When regional anaesthesia is chosen, After starting CSEA, LV diastolic dimen: 


as is often the case in patients undergoing Caesarean without changes in systolic shortening (Fig 
delivery, TOE is impracticable. We report two cases showing patient's shortness of breath improved. Thes mn 
that transthoracic echocardiography (TTE) can image the were interpreted as a reduction in pre 

heart during surgery and may be an alternative method of  volaemia, and only minimal fluid was given. An estimate 
monitoring in such patients. blood loss of 600 ml was replaced with 60 


Case 1 


A 34-yr-old, gravida 1, nulliparous woman was admitted 
at 15 weeks gestation with symptoms of congestive heart 
failure. She had no history of cardiovascular disease and 
early pregnancy was uneventful. TTE assessment showed 
dilated cardiomyopathy of unknown origin with impaired 
left ventricular (LV) systolic function (fractional shortening 
21%) and bilateral pleural effusions. Despite treatment with 
digoxin, diuretics, nitrates and dihydralazine, orthopnoea 
and shortness of breath increased and fractional shortening 
decreased to 12%. Therefore, an urgent Caesarean delivery 
was planned at 32 weeks’ gestation. No signs of foetal 
distress were present. 

After arterial and central venous pressure monitoring 
had been started, a combined spinal—-epidural anaesthesia 
(CSEA) technique was performed. Intrathecal injection of 
0.5% hyperbaric bupivacaine 7.5 mg, fentanyl 10 ug and 
morphine 0.25 mg, supplemented by 0.5% bupivacaine 


55 mg injected epidurally resulted in a T6 sensory level. Fig 1 TTE of the patient of Case 1. Four-chamby 
thrombus in the left ventricle (arrowhead 





At onset of anaesthesia, systolic arterial blood pressure 
transiently decreased from 140 to 85 mm Hg but then 
became steady around 95 mm Hg. "a Endcclasiolic di 

Baseline TTE (2.0/2.5 MHz probe, Sonos 2500, Hewlett o End-systolic dim 
Packard, Andover, MA, USA), which included parasternal Sco scacstals is 


long- and short-axis and apical four- and two-chamber ag . 
views, was done before starting anaesthesia. The examina- 99 (a AQ A 
tion confirmed the preoperative findings of poor LV function ae eae Ne 

and showed a fresh thrombus in the apex of the left ¢ 50 o os = 
ventricle, which had not been seen before (Fig. 1). As soon €E . 
as CSEA had been started, LV dimensions and LV function 40 ® ‘ 
(fractional shortening) were monitored in the parasternal å 
long-axis view to control the effect of CSEA and to 30 pi a 


guide the quantity and speed of fluid replacement and 


administration of vasoactive drugs. The continuous qualitat- Week15 Week32 Belore Ater Endol 
CSEA CSEA operat afte 





ive assessment was supplemented by repeated quantitative 


> : : ° > During gestatior Day of delivery f 
measurements of LV end-diastolic and end-systolic dimen- ii iia means 
i p J 21 Tract Gi 9 -i > ate ‘ 
sions and LV shortening fraction (Fig. 2). The strategy was peatni aoe andi end-eyinstic: dim 


to give intravenous fluids when arterial blood pressure and shortening in the patient of Case | 
LV diastolic dimension decreased simultaneously, and to 





give vasoactive drugs when arterial pressure decreased +Presented in part at the Annual Meeting of the Sw 
without changes in LV diastolic dimension or with an Anaesthesia, 1997 
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Ringer’s solution, and a transient decrease in arterial blood 
pressure was treated with phenylephrine 100 ug. 

Neonatal outcome was excellent. On the first postopera- 
tive day, the epidural catheter was removed after administra- 
tion of morphine 3 mg. Anticoagulant therapy with heparin 
followed by coumarin was subsequently started. 

The cardiological follow-up visit 3 months after delivery 
showed unchanged LV dimensions but improved LV func- 
tion (fractional shortening 23%) (Fig. 2). The LV thrombus 
had disappeared and anticoagulant therapy was stopped. 


Case 2 

A 32-yr-old, gravida 3, para 2 woman was admitted at 39 
weeks’ gestation because of known cardiac disease. Six 
years before, bacterial endocarditis had caused severe mitral 
insufficiency needing surgical closure of a perforation in 
the posterior leaflet of the mitral valve. 

The course of the actual pregnancy was uneventful and 
without any sign of congestive heart failure. Because of a 
systolic murmur, TTE was performed and showed severe 
mitral insufficiency, dilatation of the left atrium and left 
ventricle but preserved LV systolic function (fractional 
shortening 35%). An elective Caesarean delivery was 
planned. No signs of foetal distress were present. 

After arterial and central venous pressure monitoring had 
been started, CSEA was given. Intrathecal injection of 0.5% 
hyperbaric bupivacaine 7.5 mg resulted in a T4 sensory 
level. At onset of anaesthesia, systolic blood arterial pressure 
transiently decreased from 125 to 90 mm Hg but then 
became steady around 120 mm Hg. 

A complete TTE examination (2-4 MHz probe S4, Sonos 
5500) was done when the patient came to the operating 
theatre. As soon as CSEA had been started, LV dimensions 
and function and the grade of mitral regurgitation were 
monitored continuously in the four-chamber view. The grade 
of mitral regurgitation was assessed semiquantitatively by 
comparing the area of colour Doppler jet with the left atrial 
area and the propagation of the jet into the left atrium. The 
management plan concerning fluids and the vasoactive 
drugs was the same as described in Case 1. The TTE guided 
haemodynamic management lactated Ringer's solution 
2300 ml and hetastarch 500 ml, giving ephedrine 15 mg) 
caused no relevant changes in LV size or mitral regurgitation. 
The estimated blood loss was 600 ml. 

Neonatal outcome was excellent. Postoperative analgesia 
was done by epidural administration of 0.1875% bupiva- 
caine at the rate of 6 ml h™!. On postoperative day one, the 
patient was in excellent clinical condition and TTE showed 
a smaller LV. After decreasing bupivacaine administration 
on day 2, the patient became dyspnoeic and oxygen satura- 
tion decreased to 88%. Clinical and radiological examination 
revealed acute pulmonary oedema. 

After starting therapy with angiotensin-converting 
enzyme inhibitors, nitrates and diuretics, the patient’s condi- 
tion improved rapidly and she was discharged on the 10th 
postoperative day. 


Discussion 


According to the Practice Guidelines for Perioperative 
Transoesophageal Echocardiography, an increased risk of 
haemodynamic disturbance during the perioperative period 
is a category-II indication for perioperative TOE, indicating 
that ‘TOE may be useful in improving clinical outcomes’.' 
Our two patients fulfilled these criteria, but the use of 
TOE was not feasible because they were awake. Regional 
anaesthesia was chosen because it is advantageous in 
patients undergoing Caesarean delivery who are at increased 
risk of aspiration of gastric contents.’ 

We show that TTE can be used instead of TOE for 
extended non-invasive haemodynamic monitoring in awake 
surgical patients, although the quality of the image may 
be more variable with TTE. TTE facilitated appropriate 
guidance of volume replacement and use of vasoactive 
drugs. 

In Case 1, the echocardiographic finding of a decrease 
in LV end-diastolic dimension with unchanged systolic 
function after initiation of CSEA (Fig. 1), with a simultan- 
eous decreased shortness of breath, led to the decision to 
replace blood loss only partially. In addition, the detection 
of a previously unknown LV thrombus markedly altered 
postoperative management. 

In Case 2, echocardiographic findings contributed 
crucially to the decision to administer fluids in order 
to compensate for vasodilation caused by sympathetic 
blockade? and for blood loss. Fluid replacement would have 
been stopped had LV dimensions increased, LV function 
worsened or mitral regurgitation increased. 

As an alternative to TTE monitoring, we considered the 
use of a pulmonary artery catheter, which has been suggested 
for patients with significant cardiovascular disease who are 
at risk of haemodynamic disturbance.* We decided against 
this because (1) it is more invasive than TTE, (2) echocardi- 
ography can provide superior information in haemo- 
dynamically unstable patients," and (3) direct visualization 
of the heart can provide clinically important new information 
(as with the thrombus in Case 1), Moreover, in critically 
ill patients the use of a pulmonary artery catheter has been 
associated with increased mortality in a recent study.* In 
addition, using the same diagnostic technique before, during 
and after surgery can improve assessment of the course of 
the cardiac disease (Fig. 2). The importance of postoperative 
cardiovascular monitoring in cardiac risk patients is emphas- 
ized by the onset of acute pulmonary oedema on the second 
day, probably caused by reducing the epidural bupivacaine 
administration, decreasing the sympathetic blockade and 
increasing LV pre- and afterload. 

TTE can be useful for non-invasive perioperative haemo- 
dynamic monitoring in patients with severe cardiac disease, 
and should be considered if extended perioperative haemo- 
dynamic monitoring is indicated but the use of TOE is 
impossible. 
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Resuscitation from cardiac arrest caused by volatile substance abuse is rarely successful. Large 
doses of catecholamines given during resuscitation, in the presence of butane, may cause 
recurrent ventricular fibrillation. We report a case of prolonged resuscitation In a young man 
who had inhaled butane. Cardiac output was restored 10 min after the administration of 
intravenous amiodarone. We suggest that antiarrhythmic agents should be used early during 


resuscitation to prevent recurrent arrhythmias. 
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Volatile substance abuse (VSA) may be defined as the 
deliberate inhalation of a volatile substance to achieve a 
change in mental state.! VSA is an important cause of death 
in those under 20 yr of age. In 1997, VSA accounted for 
1 in 50 of all deaths (or 1.7 deaths per 100 000 population) 
in people aged 15-19 yr in the UK. Most of the deaths are 
caused by inhaled gas fuels. In 1997, 56% of all VSA 
deaths in the UK were associated with butane.” Butane is 
found mainly in cigarette lighter refills and is used as an 
aerosol propellant. 


Case report 


A 17-yr-old male with a 3-yr history of butane abuse was 
found collapsed in the street. By his side was a canister of 
butane lighter fuel. When the paramedical emergency team 
arrived he was in ventricular fibrillation (VF). They gave 
two cycles of the advanced cardiac life support protocol, 
which included epinephrine 2 mg. On arrival in the emer- 
gency department he had a carotid arterial pulse that was 
just palpable. He then developed VF again. Advanced life 
support continued for a further 40 min. During resuscitation 
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Fig 1 ECG showing an acute anterolateral myocardial infarction. 


he received epmephrine 16 mg, 8.4% sodium bicarbonate 
150 ml, lidocaine 50 mg, 0.9% sodium chloride 3 litres and 
27 DC shocks. After amiodarone 300 mg i.v. had been 
given, sinus rhythm was detected but no pulses were felt. 
Advanced cardiac life support continued and 10 min later 
a pulse was felt. Heart rate was 120 min“ and arterial 
pressure was 130/70 mm Hg. There was no spontaneous 
respiratory effort. He was unresponsive to pain and the 
pupils were dilated and unreactive to light. His temperature 
was 35°C. Arterial blood gas analysis showed pH 7.22, Po, 
67.3 kPa, PCO, 6.2 kPa and a base deficit of 9.2 mmol 
litre"! while he was being manually ventilated with a 
resuscitation system supplied with oxygen at 15 litre 
mint. Other investigations were: carboxyhaemoglobin 
1.7%, blood alcohol <1 mmol litre, serum potassium 
5.4 mmol litre“! and magnesium 0.85 mmol litre-!. Urine 
testing was negative for benzodiazepines, amphetamines, 
cocaine metabolites, cannabinoids, opiates and methadone. 
A head CT scan showed no abnormality and ECG showed 
an acute anterolateral infarction (Fig. 1). Plasma cardiac 
troponin T concentration 12 h later was 27 pug litre”! 
(normal level, <0.10 ug litre~!). 

The patient was admitted to the intensive care unit, where 
he remained cardiovascularly unstable, with a heart rate of 
150 min™ sinus rhythm, arterial blood pressure of 50/20 
mm Hg and central venous pressure of 10 mm Hg. Arterial 
blood pressure did not improve after 4.5% human albumin 
solution 500 ml had been given, but central venous pressure 
increased to 15 mm Hg. After an infusion of norepinephrine 
had been started, the mean arterial pressure increased to 90 
mm Hg and heart rate decreased to 110 beat min™. 

Four and a half hours after restoration of cardiac output, 
the pupils started reacting to light and sedation was required 
to allow mechanical ventilation. 

The following morning (13 h after restoration of cardiac 
output) a pulmonary artery floatation catheter was inserted 
uneventfully. The initial studies were as follows: cardiac 
index = 2.28 litre min“! nr? (range 2.8-3.5), central venous 


pressure = 18 mm Hg, pulmonary artery occlusion pres- 
sure = 20 mm Hg, systemic vascular resistance index = 
2900 dyne s cm? m? (range 1700-2600). The norepi- 
nephrine was stopped and an epinephrine infusion was 
started. Episcdes of ventricular tachycardia occurred and 
an amiodarone infusion was also started. 

Subsequent recovery was slow and complicated by acute 
renal failure requiring haemodialysis and recurrent pulmon- 
ary oedema. Echocardiography showed a hypokinetic apex 
and ventricular septum. Fractional shortening was 23%. 

At 3 months no neurological deficit was found. Renal 
function recovered but creatinine clearance was reduced 
(33 ml mint}. Echocardiography showed an apical aneur- 
ysm and good left ventricular function. He continues to 
abuse volatile substances. 


Discussion 

Sudden death after inhalation of volatile substances can 
have a number of mechanisms, including central respiratory 
depression and hypoxia, vagal stimulation causing asystole 
and myocardial sensitization to catecholamines resulting 
in VF? 

Acute inhalation of hydrocarbons such as butane can 
cause epinephrine-induced cardiac arrhythmias, particularly 
if myocardial ischaemia is present. Animal studies show 
that myocardial sensitivity can persist for hours after 
inhalant exposure. A previous review suggested that 
high doses of epinephrine in cases of VF secondary to 
volatile substance abuse may be harmful and cause 
recurrent VF? We suggest that this patient developed a 
primary or secondary VF arrest which was initially 
terminated by DC shock. The recurrence of VF may 
have been initiated by myocardial ischaemia or infarction, 
but large doses of catecholamines and the butane could 
have decreased the threshold for arrhythmias. 

Shortly after i.v. amiodarone, sinus rhythm and a cardiac 
output were restored. Amiodarone is a class 3 antiarrhythmic 
agent. It blocks potassium channéls, thus increasing the 
duration of the action potential in the conducting system 
and myocardium. Repolarization is delayed and the max- 
imum rate of repolarization is decreased. Ventricular activity 
from enhanced automaticity, re-entry or pathological after- 
potentials is suppressed.® It has the advantage of causing 
little or no myocardial depression. Adgey and colleagues 
recommend administering -adrenergic antagonists to pro- 
tect the catecholamine-sensitized heart. However, these 
agents have a negative inotropic effect and should be used 
with care. Other treatments that could have been considered 
include bretylium or further lidocaine. Bretylium can cause 
hypotension and vasodilatation. The main value of lidocaine 
is its ability to prevent ventricular arrhythmias. Its role in 
assisting defibrillation is less certain. 

Giving 3 litres of 0.9% sodium chloride during immediate 
resuscitation could have been unwise, but at this stage the 
cause of cardiac arrest was not clear. Hypovolaemia was a 
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potential problem. After equilibration between interstitial 
and intravascular compartments, this would cause an 
increase in intravascular volume of about 1 litre. 

This patient had significant renal and myocardial damage 
but no apparent neurological deficit. This may indicate 
differences in oxygen extraction and consumption in these 
organs during resuscitation. Butane could perhaps exert a 
neuroprotective effect. 

The patient had a large anterior myocardial infarction 
and developed an apical aneurysm. A similar event has 
been reported after inhalation of contact adhesive, the 
postulated mechanism being coronary artery spasm.’ 

Survival after cardiac arrest resulting from volatile sub- 
stance abuse is unusual as most cases are unwitnessed. We 
believe that this is the first report of survival from a 
prolonged VF arrest secondary to butane inhalation with a 
good neurological outcome.® In similar cases, the early use 
of antiarrhythmic agents such as amiodarone should be 
considered. 
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We report a case of tracheal stenosis in a patient with immune thrombocytopenia who 
presented 4 yr after splenectomy. The 20-yr progression of the stenosis and management, 
including resection, is charted. The period after resection was complicated by wound infection, 
surgical emphysema, mediastinitis and dehiscence of the anastomosis of the trachea. The 
management of patients with tracheal leslons is discussed, but concentrates on airway care 
after tracheal resection when complications developed. A laryngeal mask airway was used to 
stabillze an uncuffed tracheal tube at the site of dehiscence. 
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Tracheal stenosis is a rare complication associated with 
_tracheal intubation.! The need to share a compromised 
airway during surgical management is a major problem 
for anaesthetists, and the possible unusual, severe, even 
catastrophic complications have implications for those 
involved in postoperative care. The progress of a patient, 


in whom a stenosis was caused by a single short period of 
tracheal intubation 20 yr before, is illustrative. 


Case report 


The female patient was referred in 1982 at the age of 21. 
She gave a 2-3 yr history of noisy breathing, particularly 
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on exertion and with respiratory tract infections. She was 
asymptomatic with normal activity, but shortness of breath 
occurred on moderate to severe exertion. Previously, she 
had a Ramstedt’s pyloromyotomy for infantile pyloric 
stenosis, and, 3 yr before presentation, had a splenectomy 
for idiopathic thrombocytopenia. On examination, she had 
mild stridor on forced inspiration and expiration. Reduced 
lung volumes and flow volume loops suggested moderately 
severe extra-thoracic, large airway obstruction. At rigid 
bronchoscopy, a stenosis was found 2 cm below the vocal 
cords which reduced the tracheal lumen by ~50%. This was 
dilated with bougies until a small adult bronchoscope could 
be passed easily. Symptomatically, she was improved. 

In response to the periodic development of symptoms 
(increasing dyspnoea), she underwent a further seven rigid 
bronchoscopic dilatations over the next 10 yr. By 1991, 
bronchoscopic dilatation was required with increasing 
frequency. Stridor and dyspnoea were more severe, and she 
was having difficulty expectorating. A second stricture had 
developed. Carbon dioxide laser treatment was attempted 
as well as the usual dilatations. 

Over the next 2 yr, her condition deteriorated. Three 
areas of tracheal narrowing were seen on a nuclear magnetic 
resonance tomogram. The first was located 4 cm below 
the vocal cords, extended 2—4 cm centrally and reduced the 
lumen to 0.5 cm. A second was located at the level of 
the third thoracic vertebrae. A third was at the entrance to 
the left main bronchus. It was felt that tracheal resection 
was indicated. 

The operation was performed through a cervical incision 
that was extended over the upper sternum. A 5-cm length 
of trachea was resected and the trachea reanastomosed end- 
to-end. A total iv. technique of anaesthesia was used 
with propofol, atracurium for neuromuscular block, and 
additional administration of fentanyl and morphine. The 
airway was secured with a 6.0-mm reinforced, cuffed oral 
tracheal tube with the tip beyond the main narrowing. 
During dissection and resection around the tube, a jet 
ventilator? was used. At the end of surgery, her head was 
held in flexion with a restraint and by suturing her chin to 
her chest. She was transferred to the intensive care unit, 
intubated, sedated and was ventilated for 12 h with a Penlon 
high-frequency jet ventilator at a rate of 100 per min and 
a driving pressure of 15 psi. She was extubated the 
following day. 

On postoperative day 6, wound dehiscence occurred close 
to the site of the tracheal anastomosis and she developed 
surgical emphysema and signs of mediastinitis. She was 
reintubated, conventional positive pressure ventilation was 
started, and repeated courses of antibiotics prescribed. On 
day 10, the wound was explored. A large air leak developed 
and mechanical ventilation of the lungs became impossible. 
Rigid bronchoscopy was performed. A defect involving 
30% of the tracheal diameter at the site of the anastomosis 
was seen with copious secretions beyond. With the rigid 


bronchoscope in position, and ventilation with a Sanders 
injector, it proved possible to debride the wound and 
anastomosis. A naso-gastric tube was passed, and a naso- 
pharyngeal suction system established. A tracheostomy tube 
through the wound into the trachea proved too long and 
unreliable, so a 6.0-mm cuffed oral tracheal tube was placed 
central to the defect under direct vision through the wound 
and the wound packed with providone iodine on gauze. 
The tube proved satisfactory for a time but because 
of the short trachea remnant, the cuff obstructed the right 
main bronchus, precipitating several short hypoxic incidents. 
It was also thought that the inflated cuff would further 
contribute to the delay in the healing of the trachea. 

Clearly, the position of the tip of the tracheal tube was 
critical. Once again, the airway was secured central to the 
anastomosis with a rigid bronchoscope. A bougie was 
passed into the trachea through the bronchoscope and 5.0- 
mm uncuffed, microlaryngeal tube (MLT) ‘rail-roaded’ into 
position. In order to support and splint the tube, a size 3, 
laryngeal mask airway (LMA), shortened by 7 cm, was 
‘rail-roaded’ over it and the cuff inflated with 20 ml of air. 
The cuff of the LMA was deflated for 5 mitt h- to lessen 
the risk of pressure trauma to the pharynx. 

HFPPV was recommenced via the MLT and continued 
for 6 days. Plastic surgery reconstruction of the trachea was 
then conducted using pectoralis major muscle flaps. After 
a further 5 days, using the same airway and ventilation 
system, it was possible to dispense with the LMA and 
insert a cuffed 7.0-mm tracheal tube to allow conventional 
weaning. On day 27, she was discharged from the ITU and 
returned home 4 weeks later with a residual left vocal cord 
palsy and a small tracheo-cutaneous sinus which was left 
to close spontaneously. 

A month later, she presented with respiratory distress 
due to further tracheal narrowing and had a tracheal stent 
inserted. To date, she has required several further admissions 
for rigid bronchoscopy, insertions of tracheal stents and for 
dilatation, one of which was complicated by a pneumo- 
thorax. Her day-to-day activities are restricted and her lung 
function tests are now 50% of predicted. The left main 
bronchus, now almost extrathoracic, is severely narrowed 
and has recently become impossible to cannulate with a 
bronchoscope though it continues to be possible to dilate it 
with a gum elastic bougie. 


Discussion 

Postintubation lesions continue to be the principal indication 
for tracheal resection and reconstruction! though the preval- 
ence has been reduced since the 1980s when the use of 
tracheal and tracheostomy tubes with high-volume, low- 
pressure cuffs became routine. The aetiology of the stenosis 
in this case is speculative, but there is a clear temporal 
association with the splenectomy operation. It has not 
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proved possible to find the details of the anaesthetic for 
that occasion but there is no suggestion that any untoward 
events, such as hypotension, occurred or that the procedure 
was complicated or prolonged. However, given the era, it 
is likelv that a high-pressure cuff tube was used and possible 
that it would have been of red rubber. Because of the rarity 
of this complication, even when red rubber tubes were 
routine, and its aggressive nature, we consider that the 
background problem of the idiopathic thrombocytopenia, 
and the concomitant use of steroids,' are likely factors in 
the pathogenesis and her propensity to develop airway 
stenoses following minor and uncomplicated instru- 
mentation. 

The therapeutic options for patients who were sympto- 
matic with benign airway lesions were dilatation and 
surgery.! Later, lasers were used but largely now are 
discredited for benign inflammatory lesions because of the 
potential to increase the scarring and only indicated when 
strictures are web-like. Tracheo-bronchial stents and balloon 
dilatation are more recent therapeutic developments.’ 4 

For this patient, periodic rigid bronchoscopy and bougie 
dilatation proved adequate for many years and were enough 
to tide the patient through an uncomplicated general anaes- 
thetic for a Caesarean section. A Caesarean section, after 
her tracheal resection, was conducted without problem with 
a spinal anaesthetic. The use of a rigid bronchoscope to 
resolve the various conflicts between operator and anaesthet- 
ist in the airway has been fundamental to techniques that 
have been developed locally for managing central airway 
problems.> These include mediastinal masses and malignant 
disease, and for dilatations, cryotherapy, lasers, stent inser- 
tion and, as in this case, times when a tracheostomy is not 
an option and more expedient solutions are contemplated. 

Surgery was proposed when her problems became severe 
because the technology of stenting was not well advanced. 
Good results are reported in 90% of cases, with failure and 
mortality rates of 3.9% and 2.4%, respectively. Dehiscence 
and re-stenosis have an incidence of 5-6%.! Intravenous 
anaesthetic techniques during resection are routine so that 
most management decisions concern how the nature and 


site of the lesion relate to safeguarding the airway on 
induction of anaesthesia, during resection, reconstruction 
and after operation.® 

By fixing a MLT tube to a shortened LMA, we ensured 
that the trp did not move from its critical position once 
the tracheal dehiscence had occurred. The inflated cuff 
of the LMA offered some protection of the larynx and 
upper trachea from aspiration of secretions from the 
oesophagus and the oro-pharynx. Some suctioning of the 
larynx was possible through the LMA with a small 
catheter. In addition, the LMA served as a conduit for 
expiration and reduced the risk of increased expiratory 
resistance and accidental PEEP developing from the 
HFPPV. 

The morbidity of tracheal resection is sigmficant and 
includes the potential for life-threatening dehiscence. 
Although the fundamental problem is the poor vascularity 
and healing properties of tracheal and bronchial anastom- 
oses, it is likely that the presence of an inflated tracheal 
cuff close to the anastomosis may contribute. If such is 
the case, we suggest that the use of a LMA to support 
a small uncuffed tube for the delivery of HFPPV may 
reduce the trauma and in some measure reduce the 
incidence of one of the fearsome complications of tracheal 
resection. 
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Microalbuminuria is increasingly recognized as a marker of pathologies that cause acute systemic 
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that severe anaphylaxis Is another condition for which microalbuminuria is a sensitive monitor. 
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Microalbuminuria secondary to systemic capillary leak is 
increasingly recognized in association with a number of 
acute medical and surgical conditions. We present a case 
of drug-induced anaphylaxis in which serial measurement 
of urinary albumin was made during resuscitation and 
subsequent intensive care. The potential role of microalbum- 
inuria as a sensitive monitor of the systemic inflammatory 
response is discussed. 


Fluid resuscitation 


Albumin excretion rate ug min— (normal <22) 


pre 0 0.6 1 





Case report 

A 14-yr-old male, weighing 62 kg presented. for surgery to 
release axillary contractures. Fourteen months previously 
the patient had sustained a 58% body surface area electrical 
burn and prior to this procedure he had already received 
15 general anaesthetics, involving the uneventful adminis- 
tration of atrecurium and morphine (both 11 times) and 
ondansetron (four times). Physically he was left with a 
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Fig 1 Urine albumin excretion and haemoglobin following anaphylaxis and resuscitation. The fluid resuscitation block indicates volume loading with 


crystalloid and colloid ın addition to normal maintenance requirements. 
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below knee amputation and upper body contractures, but 
was otherwise well. On admission to hospital, physical 
examination of his airway and cardio-respiratory system 
were unremarkable. Arterial pressure and heart rate (sinus 
rhythm) were both within normal limits. Preoperative serum 
electrolyte and urea concentrations were normal (potassium 
4.1 mmol litre!) and haemoglobin concentration was 13.8 g 
di! (haematocrit 41%). He was not taking any medication. 
Unpremedicated induction of anaesthesia occurred with up 
to 8% servoflurane and 40% nitrous oxide in oxygen, during 
which oxygen saturation and ECG were monitored. After 
loss of consciousness an i.v. cannula was inserted and 
ondansetron 4 mg, morphine 3 mg and atracurium 30 mg 
given ir sequence and flushed with normal saline. An initial 
brief period of resistance to hand ventilation with a bag 
and mask was immediately followed by rapid arterial 
oxygen desaturation, from 97% to 75% with an associated 
sinus bradycardia of 50 beat min’. The trachea was 
intubated immediately and hand ventilation continued with 
100% oxygen, while glycopyrrolate 0.2 mg was adminis- 
tered i.v. In spite of these measures the patient became 
pulseless, and external chest compression was started. 

After a 20-min period of resuscitation involving the 
administration of 2 litres of normal saline, epinephrine 3 mg 
(three Solus injections of 1 mg) and atropine 3.6 mg 
(0.6 mg + one 3 mg bolus), a sinus tachycardia (160 beat 
min) rhythm was restored with an arterial pressure of 
100/60 mm Hg. Arterial blood-gas analysis immediately 
post-resuscitation revealed H* 73.8 nmol litre’, Paco, 
5.14 kPa and Pao, 62.3 kPa with a base excess of 
-16 mmol litre. The haemoglobin had risen to 18.1 g dt! 
(haematocrit 53%), 

The patient was sedated with propofol and transferred to 
the intensive care unit ITU) for mechanical ventilation and 
stabilization of his condition. On admission to ITU, arterial 
blood-gas analysis revealed a metabolic acidosis, Ht 
67.3 nmol litre!, Paco, 5.19 kPa and Pao, 65.24 kPa with 
a base excess of -14.5 mmol litre"! and a chest x-ray 
showed evidence of pulmonary oedema but was otherwise 
normal At this time the patient was noted to have a pink 
rash, and serial blood and urine samples were taken to 
investigate the cause of his collapse. 

Serum tryptase activities (reference range 4-14 ug 
litre!) immediately after the cardiac arrest, and 3 and 24 h 
later were >200, 151 and 39.5 ug litre, respectively. 
Hourly capillary permeability was assessed by urine albumin 
excretion rates (reference range <9.1 jig min“), which 1 h 
post-arrest, and after 3 and 15 h, respectively were 563, 
1006 and 6.1 ug min“! (Fig. 1). The immediate post- 
resuscitation haemoglobin of 18.1 g di"! (a finding consistent 
with an initial shift of protein and water into the interstitial 
space) had fallen to 11.0 g dl” 5 h later after further fluid 
resuscitation (Fig. 1). The patient’s lungs were ventilated 
for 3 days during which the only biochemical abnormality 
was a slowly resolving metabolic acidosis. All sedation was 
then discontinued until he could be extubated safely. His 


Glasgow Coma Score was 9 on discharge from the ITU, 
and a computerized tomographic scan of his brain performed 
6 days post-arrest was reported as normal although electro- 
encephalograms performed at 6 and 16 days post-incident 
demonstrated changes consistent with global cerebral 
hypoxia. 

One month after discharge from ITU in vivo allergy tests 
to skin prick and intradermal injection were performed to 
identify sensitivity to a range of other neuromuscular 
blockers. The patient was subsequently issued with a 
medical alert bracelet and a ‘statement of clinical events’, 
including a list of the drugs involved in this incident and 
the results of the in vivo tests. He was discharged to 
neurological follow up and at the time of writing has made 
a substantial neurological recovery. 


Discussion 

This patient’s clinical presentation, response to treatment 
and the subsequent serum tryptase analysis strongly support 
a diagnosis of anaphylaxis from a type 1 hypersensitivity 
reaction. The tryptase levels documented in this patient are 
rarely seen without anaphylaxis,! and furthermore the time 
course of the decline in the serum tryptase is also consistent 
with systemic mast cell degranulation at the time of cardio- 
vascular collapse.” 

Mast cell degranulation does occur as a direct pharmaco- 
logical action of narcotics, especially morphine. However, 
in such cases the serum tryptase is only moderately elevated. 
Type I hypersensitivity to morphine may also occur and 
the possibility of this ‘dual’ histamine release makes the 
interpretation of subsequent intradermal testing problematic. 
Hypersensitivity to ondansetron is relatively rare,? and to 
our knowledge there are still no reports of suspected 
anaphylaxis to inhalation agents. 

Anaphylaxis from neuromuscular blocking drugs is 
responsible for the majority of anaesthesia-related reac- 
tions,4 and cross-sensitivity between neuromuscular 
blocking drugs occurs in up to 60% of patients? so that 
determination of safe drugs for future anaesthesia is a 
priority in the investigation of the patient. The subsequent 
investigation of our patient followed published guidelines® 
in an effort to determine safe alternatives to atracurium. 

The systemic inflammatory response syndrome (SIRS) is 
recognized as a non-specific and generalized response to a 
variety of traumatic and infective pathologies. Studies in 
trauma and burn patients have demonstrated that the severity 
of injury and subsequent development of SIRS correlates 
positively with an increase in urine albumin excretion 
(microalbuminuria),’ 8 detectable only by sensitive immuno- 
assay. Microalbuminuria is defined as a spot urinary albumin 
concentration of 30-200 mg litre!, or alternatively as an 
excretion rate greater than 9.1 ug min7!. It is a feature of 
such diverse conditions as elective aortic aneurysm surgery, 
pancreatitis, bacterial meningitis and myocardial infarc- 
tion.!° The underlying mechanism is loss of capillary 
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membrane integrity which permits generalized protein 
leak.!! What is not certain is the extent to which the degree 
of albuminuria may be predictive of the subsequent clinical 
course in different conditions.” 

Urine albumin excretion has been measured in 20 previ- 
ously healthy individuals following bee or wasp stings.!9 
Abnormal values were recorded in three patients, whereas 
normal values were obtained in three other patients who 
were hospitalized with hypotension, respiratory problems 
and generalized urticaria, although the severity of their 
anaphylaxis is not stated. Urine was collected the morning 
after admission so it is possible that post-anaphylaxis 
microalbuminuria had resolved. 

In contrast, our patient was monitored continuously for 
the first 20 h following anaphylaxis, during the first 5 h of 
which he developed clinical albuminuria (Fig. 1). 

The albumin excretion we measured mirrored the eleva- 
tion and decline in serum tryptase activity during the period 
of maximum capillary leak, and we believe that anaphylaxis 
may be another pathology in which microalbuminuria may 
serve as a non-specific but sensitive marker of the acute 
inflammatory response. Microalbuminuria cannot, in isola- 
tion, confirm a diagnosis of anaphylaxis but it may have 
prognostic value. Confirmation of this possibility in other 
cases of anaphylaxis would be dependent on albumin 
excretion being measured as near as possible from the time 
of onset, up to 12 h later.” 
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We assessed the Bird T-Bird VS ventilator using a model lung constructed to standard 
(0651-1 of the International Standards Organization. We used different combinations of lung 
compliance and airway resistance to simulate normal and diseased adult and paediatric lungs. 
Different preset tidal volumes at various respiratory rates were delivered to the model lung 
and compared with the actual measured tidal volumes. The results showed that the delivered 
tidal volumes were within the manufacturer's specification of +10% of the preset tidal volumes 
in normal adult and paediatric combinations of lung compliance and airway resistance. The 
ventilator can be powered by mains electricity supply or battery and requires only optional 
compressed oxygen. The ventilator is suitable for the provision of advanced ventilatory support 


during prolonged patient transfer. 


Br J Anaesth 2000; 84: 81 1-7 


Keywords: equipment; ventilators; lung 
Accepted for publication: February 2, 2000 


In the UK, the number of inter-hospital patient transfers 
has increased in recent years and is likely to continue 
increasing.' One of the major problems with the transfer of 
critically ill patients is the provision of ventilatory support. 
This is a particular problem in aeromedical transfers, which 
may sometimes exceed 24 h. Carrying large quantities of 
oxygen by air is difficult and hazardous, so the search for 
a high-specification ventilator with low oxygen consumption 
is necessary. 

A number of ventilators have been assessed by the Royal 
Air Ferce for this purpose. One such ventilator is the Bird 
T-Bird VS ventilator (Bird Products Corp., CA, USA). We 
assessed it in a laboratory study in which a model lung was 
adjusted to simulate normal and diseased adult and paediatric 
lungs. A volume performance test?" and a waveform test, 
which most studies have omitted, were used to evaluate the 
ventilztor performance. 


Materials and methods 


Ventilator 


The Bird T-Bird VS ventilator is designed to provide 
positive-pressure ventilation for patients over 10 kg who 


require advanced ventilatory support. The ventilation modes 
and breath types provided by the ventilator are shown in 
Table 1. 

Pressurized air is supplied by an electrically powered 
drag turbine in which the speed of the outlet gas is controlled 
by the gas drag action caused by the rotating turbine blades.® 
Low-pressure (35 mbar maximum) oxygen can be added at 
the oxygen inlet upstream of the turbine to adjust the 
inspired oxygen concentration. A microcomputer controller 
monitors the output pressure and controls the turbine speed 
to generate the required breath settings and modes of 
ventilation. 

The ventilator can be powered by mains electricity or 
battery. The fully charged internal rechargeable battery is 
capable of providing 25 min of continuous power, and a 
replaceable external battery provides up to 3.5 h depending 
on the load applied. 

The breathing systems used for the adult and paediatric 
settings were Intersurgical Model 2019-045 22 mm Adult 
Breathing System and Intersurgical Model 4500 15 mm 
Paediatric Breathing System (Intersurgical Ltd, Wokingham, 
Berks, UK) with compliance 1.3 and 0.6 ml cmH,07! respect- 
ively. Neither breathing circuit contained water-trap, bacterial 
filter or humidifier. 
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Table 1 Ventilation modes and breath types supported by the Bird T-Bird VS 
ventilator, *Apnoea back up ventilation 1s provided CPAP = continuous positive 
airway pressure, SIMV = synchronized mtermittent mandatory ventilation 











Breath type Ventilation mode 
Control Assist/Control* SIMV CPAP 

Volume control Yes Yes Yes No 
Pressure support No No Yes Yes 
Spontaneous No No Yes Yes 
Manual Yes Yes Yes Yes 
Sigh Yes Yes Yes Yes 
Table 2 Specifications of the lung model compliance and resistance 
Compliance Chamber Resistance Flow range 
(ml emH,07) +5% volume (cmH,0 tre! s) (litres!) +20% 
tolerance (titre) tolerance 
50 516 5 0-2.0 
20 206 20 0-1.0 
10 103 50 005 

3 309 200 HO! 

1 103 500 0-0 005 





Model lung 


A model lung constructed to the International Standards 
Organization (ISO) standard Lung ventilators for medical 
use—Part 1; Requirements (SO 10651-1:1993) was used 
to simulate the respiratory compliance and airway resistance 
of normal and diseased adults and children.’ It consisted of 
a series of rigid copper isothermal compliance chambers 
and linear resistance modules (Table 2).5-!! Previous studies 
have shown that the ISO model lung is preferable to the 
more common commercially available test lungs based on 
spring and bellows constructions for the purpose of assessing 
the performance of ventilators.” 8"! The normal adult and 
paediatric lung compliance values were 50 and 20 ml 
cmH,07! respectively, and the normal adult and paediatric 
airway resistance values were 5 and 20 cmH,0 litre! s 
respectively. To simulate reduced adult and paediatric lung 
compliance, values of 20 and 10 ml cmH,07! respectively 
were used, and for constricted adult and paediatric airways 
resistances of 20 and 50 cmH,O lite! s respectively 
were used. 


Measurement and calibration 


A block diagram of the apparatus is shown in Figure 1. Gas 
flow was measured using a Fleisch pneumotachograph (input 
range, +125 litre mint) (Hamilton Medical, Reno, NV, 
USA) and a Validyne MP45-1 differential pressure flow 
transducer (input range, +2.0 cmH,O) connected to a 
Validyne MC1-3 flow amplifier (Validyne Engineering 
Corp., Northridge, CA, USA). Airway and alveolar pressures 
were measured using Statham PM131T strain gauge pressure 
transducers (input range, +175 cmH,O) (Gulton Statham 
Transducer Inc., Costa Mesa, CA, USA) connected to 
Lectromed strain gauge amplifiers (Ormed Engineering Ltd, 
Welwyn Garden City, Herts, UK). The airway pressure 





Fig 1 Block diagram of the apparatus. 


transducer was placed at a sampling port in series and 
upstream of the pneumotachograph and the alveolar 
pressure transducer was placed at the sampling port at the 
compliance chamber housing. Two-point calibrations were 
used to calibrate the flow and pressure transducers. Refer- 
ence values were provided by a Timeter RT-200 calibration 
analyser (Timeter Instrument Ltd, St Louis, MO, USA). 


Data acquisition and analysis 


The gas flow, airway pressure and alveolar pressure signals 
were digitized using a National Instrument AT-MIO16 data 
acquisition card (National Instrument Corp., Austin, TX, 
USA) in an IBM-compatible personal computer. The signals 
were displayed continuously and stored using the data 
acquisition/analysis software developed in the department. 
Data for each ventilator setting were recorded at a sampling 
rate of 500 Hz for at least five respiratory cycles. Data 
were analysed off-line. The flow signal was integrated to 
give the volume signal. Inspired tidal volume was deter- 
mined by integrating the flow signal during inspiration. The 
inspired tidal volume values presented are the mean and 
standard deviation of five consecutive respiratory cycles. 


Waveform test 


The ventilator was set to deliver the combinations of 
tidal volume, respiratory rate, lung compliance and airway 
resistance shown in Table 3. Without changing the 
ventilator settings, the next compliance-resistance com- 
bination was then substituted in turn. Comparisons of 
the waveforms of flow, volume, and airway and alveolar 
pressure with changing lung characteristics determine the 
conditions under which the shapes of the waveforms begin 
to change and if the ventilator performance is likely to 
deteriorate. The flow waveform can affect gas distribution in 
the lungs.!?-!* Leakage through delivery tubing, mechanical 
valves and other pneumatic design faults also can be 
revealed by the waveform test. 
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Table 3 Lung compliance, airway resistance, tidal volume and respiratory rate 
combinations for the waveform test 








Test Compliance Resistance Tidal Respiratory 

sequence (mlcmH,07) (cmH,0 litre’ s) volume rate 
(nl) (b.p.m.) 

Adult settings 

1 50 5 600 12 

2 50 20 600 12 

3 20 5 600 12 

4 20 20 600 12 

Paediatric settings 

1 20 20 300 20 

2 20 50 300 20 

3 10 20 300 20 

4 10 50 300 20 





Table 4 Lung compliance, airway resistance, tidal volume and respiratory rate 
combinations for the volume performance test 





Compliance Resistance 
(ml emH,0~) (cmH,0 litre” s) 


Ventilator settings: tidal volume (Vr; ml) 
and respiratory rate (RR; b.p.m.) 


Adult settings 

50 5 Vr = 200 at RR = 20 and 30, 

50 20 Vr = 400, 600, 800 and 1000 at RR = 10 
' and 12 

20 5 

20 20 

Paediatne settings 

20 20 Vr = 100 at RR = 30 and 40; 

20 50 Ve = 200 at RR = 20, 30 and 40; 

10 20 Vy = 300 at RR = 15, 20, 30 and 40 

10 50 


Volume performance test 


This test finds the accuracy of the tidal volume delivered 
over a wide range of respiratory frequencies at a fixed 
inspiration:expiration (:E) ratio of 1:2. The choices of lung 
compliance, airway resistance, tidal volume and respiratory 
rate combinations for the test were clinically realistic instead 
of the exhaustive, but sometimes clinically unrealistic, 
settings used in previous studies.’ |! They are shown in 
Table 4. The accuracy of the tidal volume delivered by the 
ventilator with different lung characteristics and respiratory 
rates is an important indicator of the ventilator performance. 


Results 


Waveform test 


The waveforms of the flow, volume, airway pressure and 
alveolar pressure for adult and paediatric settings are shown 
in Figure 2. For adult settings (Fig. 2A), except for a slight 
decrease in the last compliance—resistance combination, i.e. 
compliance = 20 ml cmH,0~', resistance = 20 cmH,O 
litre“! s (C20, R20), the peak flow remained the same. For 
the paediatric settings (Fig. 28), the peak flow decreased 
slightly with decreasing compliance and increasing resist- 
ance. The overall shapes of the decelerating flow waveforms 
at both adult and paediatric settings remained consistent. 
There was no change in the inspiratory and expiratory times 


with decreasing compliance and increasing resistance for 
either adult or paediatric settings. At paediatric settings, 
there were high-frequency oscillations on the diaphragm of 
the ventilator expiratory valve at the onset of expiration 
when the ventilator was set to deliver to a lung compliance 
below or equal to 20 ml cmH,O~ (Fig. 28). The oscillations 
became more vigorous with decreasing compliance and 
increasing resistance. 

The volume waveforms in Figure 2 show that the tidal 
volume delivered changed only slightly with decreasing 
compliance and increasing resistance. There was a 
decrease (from 313 to 295 ml, equivalent to 0.36 litre 
min“ at 20 b.p.m.) in the volume delivered with decreasing 
compliance from 20 to 10 ml cmH,0~ at paediatric settings 
and a decrease (from 597 to 522 ml, equivalent to 0.9 litre 
min! at 12 b.p.m.) in volume delivered with increasing 
resistance at 20 ml cmH,O7! lung compliance at adult 
settings. All the volume waveforms at the paediatric settings 
showed that the test lung was not completely emptied at 
the end of expiration, which was less evident with a small 
compliance and more evident with greater resistance. The 
peak airway pressure increased with decreasing compliance 
and increasing resistance. 

The alveolar pressure waveforms in Figure 2 indicated 
that there was no standing pressure developed in the lung 
at end-expiration during use with adult settings, but positive 
pressures were developed in the lung at end-expiration 
when paediatric settings were used, and the magnitude was 
greater with the greater airway resistance. 


Volume performance test 


The percentage errors of the tidal volume delivered at adult 
and paediatric settings at different compliance—resistance 
combinations are shown in Figures 3 and 4 respectively. 

In Figure 3A and B, at normal adult lung compliance 
(50 ml cmH,0~) with normal (5 cmH,0O litre! s) and 
increased (20 cmH,0 litre“ s} airway resistance, the average 
tidal volumes measured at various respiratory rates were 
within the manufacturer’s specification, i.e. +10% of the 
preset tidal volume, except for the preset tidal volume of 
800 ml at 10 b.p.m. and 1000 ml at 10 b.p.m. at C50, R5. 
In Figure 3c and D, at reduced adult lung compliance (i.e. 
20 ml cmH,07!), the ventilator performance began to 
deteriorate when the tidal volume was set above 600 ml at 
both 10 and 12 b.p.m. Furthermore, the ventilator consist- 
ently underdelivered the preset tidal volumes. The percent- 
age error of the average tidal volume delivered increased 
with increasing tidal volume setting and with increasing 
respiratory rate. The worst average error was —18.0% (sp = 
0.45%) at 1000 ml preset tidal volume at 12 b.p.m. at 
C20, R20. 

In Figure 4A and B, at normal paediatric lung compliance 
(20 ml cmH,0-') with normal (20 cmH,0O litre! s) and 
increased (50 cmH,0 litre"! s) airway resistance, the average 
tidal volumes measured at various ventilation settings were 
within the manufacturer’s specification except for the 
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Fig 2 Waveform test results at (A) adult and (B) paediatric settings. Papy = alveolar pressure in cmH,O; Paw = airway pressure in cmH)0O; 
C# = lung compliance in # ml cmH,07!; R#* = airway resistance in #* cmH20 litre! s, 


preset tidal volume of 300 ml at 40 b.p.m. at C20, R20, 
200 ml at 20 b.p.m. and 300 ml at 30 and 40 b.p.m. at 
C20, R50. In Figure 4c and D, at small paediatric lung 
compliance (i.e. 10 ml cmH,O~') with the same normal 
and increased airway resistances as those mentioned 
above, the ventilator performance was within the manufac- 
turer’s specification except for the preset tidal volume of 


300 ml at 30 and 40 b.p.m. at C10, R20, 200 ml at 40 
b.p.m. and 300 ml at 30 and 40 b.p.m. at C10, R50. 


Discussion 
From the paediatric waveform test results (Fig. 2B); the 
persistent flow during expiration is a result of the long time 
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Fig 4 Volume performance test results over five consecutive breaths (mean and sD) at paediatric settings. Vr = inspired tidal volume; C# = lung 
compliance in # ml cmH,07); R#* = airway resistance in #* cmH,0 litre" s. 


constant (i.e. the product of lung compliance and airway 
resistance) of the compliance—resistance combination pro- 
longing expiratory flow to such an extent that the model 
lung does not empty fully before the onset of the next 


inspiration. Because of the greater time constant, the gas 
remaining in the test lung at the end of expiration increased 
with increasing resistance. Consequently, as observed from 
the alveolar pressure waveforms, positive standing pressures 
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were developed in the model lung. In human physiology, 
this is analogous to auto-positive end-expiratory pressure, 
which occurs when insufficient time elapses between infla- 
tion cycles to establish the equilibrium position of the 
respiratory system.!5 !6 Alveolar pressure remains continu- 
ously positive through both phases of the ventilation cycle. 
Airflow does not cease before the end of expiration. The 
lung volume and alveolar pressure at the end of expiration 
increase with each subsequent ventilatory cycle. The lung 
volume will increase to the point at which the lung compli- 
ance becomes less and increases tissue recoil. This increases 
the driving force for expiratory flow and tethers open 
obstructed airways, lowering airflow resistance.!? Within 
several cycles, the lung volume will reach a value at which 
the entire delivered tidal volume can be exhaled; this is 
associated with increased end-expiratory alveolar pressure. 

The ventilator expiratory valve assembly consists of a 
high-energy permanent magnet core. When electric current 
is applied to the suspended magnetic coil, the core is drawn 
into the magnetic field that is generated and mechanically 
forces the expiratory valve diaphragm to close the expiratory 
path during inspiration. During expiration, current to the 
coil is stopped and the expiratory valve diaphragm is 
returned to its normally open position. The paediatric 
waveform test results (Fig. 2B) show oscillations on the 
expiratory valve diaphragm at the onset of expiration with 
settings of low lung compliance and high airway resistance. 
The oscillations became more vigorous with decreasing 
compliance and increasing resistance. Since the respired 
volume signal is derived by integrating the flow signal, the 
high-frequency oscillations at the onset of expiration are 
not related exactly to gas flow. If the integrated signal is in 
error, the difference between inspired and expired gas 
volume cannot be used to assess gas trapping. This is better 
done by inspection of the alveolar pressure signal. If gas 
trapping is present, the end-expiratory pressure will be 
positive. This can be seen from the alveolar pressure 
waveforms during paediatric tests (Fig. 2B). The end-expired 
alveolar pressures were approximately 3.5 and 2.1 cmH,0 at 
C20, R50 and C10, R50 respectively, indicating incomplete 
emptying of the lung. The adult waveform test results 
(Fig. 2A) showed that at a short time constant and adequately 
long expiratory time, the model lung emptied completely 
at the end of expiration. 

At very low tidal volume settings (e.g. 50 ml), with the 
minimum peak flow of the ventilator limited to 10 litre 
mint, the desired volume cannot be delivered without 
increasing the I:E ratio. From the volume performance test 
results shown in Figures 3 and 4, the mean error of the 
tidal volumes delivered was within the manufacturer’s 
specification of +10% of the preset tidal volumes when 
delivered to normal adult and paediatric lungs. The tidal 
volumes delivered at both adult and paediatric settings were 
consistently less than the preset values when delivered to 
stiff lungs (i.e. low lung compliance) or lungs with high 
airway resistance. The reason for this is related to the 


breathing system compliance, i.e. gas compression in the 
ventilator and conducting tubing.'! Results in Figures 3 and 
4 show that the tidal volume lost by gas compression in 
the breathing system is more pronounced at paediatric 
settings, i.e. with small tidal volumes and high airway 
pressures. Such underdelivery of tidal volume against a 
large load is common to turbine-driven ventilators!® and 
the mean error observed is not excessive. The underdelivery 
of tidal volume can be easily identified and compensated 
for when verification of the adequacy of ventilation, e.g. 
independent exhaled volume and arterial blood gas moni- 
toring, is carried out, which we strongly recommend to 
check the ventilator performance. 

In Figure 2, the inspiratory flow pattern at adult and 
paediatric settings is decelerating, which may provide 
better distribution of ventilation.!?™!* At the same ventilator 
settings, the peak flow and the inspiratory duration remained 
almost constant with the changes of compliance—resistance 
combinations except for the worst case of peak flow decrease 
at paediatric settings, ie. from 413 to 381 ml s! at 
C20, R50 to C10, R20 respectively, which was clinically 
insignificant. This implied that adjustment of the ventilator 
settings was not required if sudden changes in lung charac- 
teristics occurred. 

The ventilator performed within its specification at vari- 
ous compliance—resistance combinations of the model lung, 
ie. simulated normal and diseased lungs of adults and 
children. Because of its portability, adequate monitoring 
facilities, long battery life and altitude compensation, the 
Bird T-Bird VS ventilator is suitable for advanced ventil- 
atory support during prolonged patient transfer. 

The altitude compensation feature, which makes the 
ventilator suitable for aeromedical transport, is normally 
set at 147 m and is adjustable within the range of 
—305 to 3048 m. However, the ventilator performance at 
altitude is yet to be evaluated. 
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Consensus statement 


Basic and advanced care of trauma patients has always 
been an important aspect of prehospital and immediate in- 
hospital emergency medicine, involving a broad spectrum of 
disciplines, specialties and skills. This complex background 
has, however, hindered the development of a uniform pattern 
of criteria and definitions with the consequence that differing 
systems or protocols of care cannot be readily evaluated or 
compared with acceptable validity. 

Guided by a previous consensus on ‘Uniform reporting 
of data following cardiac arrest-the Utstein style’? an 
international working group of The International Trauma 
Anaesthetic and Critical Care Society ITACCS) has drafted 
a similar document on major trauma. 

The reporting system for out- and in-hospital care is 
based on the following considerations. 

è It should permit the compilation of data and statistics 
on major trauma care, facilitating and validating the 
independent or comparative audit of performance and 
quality of care. 

e It should permit intra- and intersystem evaluation to 
improve the quality of delivered care and identification 
of the relative benefits of different systems and innovative 
initiatives. 

@ It should facilitate studies setting out to improve the 
epidemiological understanding of trauma. 

The document includes a glossary of terms used in the 
pre-hospital and early hospital phases, including definitions, 
time points and intervals, and uses a scheme for illustrating 
the different process time clocks (patient, dispatch centre, 
ambulance and hospital). 


Data should be reported as core data (i.e. always obtained) 
and optional data (obtained under specific circumstances). 
The document highlights the following. 

è The development of structured data using object-orient- 
ated modelling. 

è Terms anc definitions for describing different types of 
trauma. 

e The circumstances of the injury, such as: its cause; its 
severity (pre-hospital basic abbreviated injury score); its 
mechanism; its demographics. 

e System factors, subdivided into: 

(i) Pre-hospital, inter-hospital transfer and trauma centre/ 
receiving factors: the trauma team, its membership and 
their respective experience; the facilities available during 
the 24-h period; arrival data at different transit/treatment 
locations. 

(ii) Patient factors defining physical characteristics such 
as age, gender, dimensions and the co-morbidity that 
may be most important for survival. Co-morbidity is 
graded ordinally from 1=healthy to 4=systemic illness, 
a constant threat to life. 

Gii) Outcome, i.e. mortality (time, date, location of 
death, place, confirmation, cause of death and adverse 
factors) and morbidity, defined as all non-fatal problems 
leading from impairment to disability, reversible and 
irreversible. 


tCo-chairmen. 

1Full details of the Recommendations may be obtained from 
ITACCS Headquarters, PO Box 4826, Baltimore, MD 21211, USA 
and from the atove address in Mainz, Germany. 
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(iv) Ethical issues, placing special emphasis on patient or scientific evaluation (core and optional data) and allows 
consent to trauma research, on medical futility, DNAR  intrasystem evaluation as well as intersystem comparison. 
and DNR directives, deliberate self-inflicted harm, care 


of relatives and advanced directives. References 

(v) Documentation underlining the need for data collec- ] Co-Chairmen: Dick WF, Baskett PjF, Grande C, et al. 
tion to be planned, including details such as manual, Recommendations for Uniform Reporting of Data Following Major 
automatic and electronic data collection, entry of data, Trauma-the Utsteln style. Trauma Care 1999; [Suppl. 9] 1-12 and 


Resuscitation 1999: 42; 81-100 


d ti ; 
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Anaesthesia without anaesthetics—a possible 
mechanism revisited 


Editor—Surgical anaesthesia can be induced by a variety of 
chemically diverse volatile compounds, similar only in that potency 
is a function of their oil/water partition coefficient (the Meyer- 
Overton rule), a relationship which, when plotted on a log-log 
scale, is linear over at least four orders of magnitude. The Meyer- 
Overton rule led to the proposal that anaesthetics accumulate 
within the oil-like non-polar phase of lipid bilayers in nerve cell 
membranes and alter physical properties such as bilayer fluidity 
and permeability. Although subtle effects have been detected, it 
has been difficult to argue that this membrane effect can account 
for the rate of onset and degree of immobility and amnesia that 
characterizes surgical anaesthesia.! 

A second mechanism builds on the fact that nerve cell function 
is regulated by proteinaceous receptor sites on the cell membrane. 
A variety of water soluble anaesthetics, such as the benzodiaz- 
epines, the opioids and barbiturates clearly affect receptors and 
thereby produce anaesthesia. This evidence led to the proposal 
that volatile anaesthetics may also act as receptors, and some of 
the newer mechanisms proposed for their action have arisen from 
tests of this idea.* Recent examples include the effects of xenon 
on the NMDA receptor,? inhibition of luciferase* and genetic 
modification of receptor sites*? (see ref. 8 for a recent comprehens- 
ive review of anaesthetic mechanisms). As a result of these 
observations, a growing consensus suggests that volatile anaes- 
thetics act directly on a variety of proteins related to nerve cell 
membrane function. 

Despite intensive study we still do not fully understand how 
agents that induce general anaesthesia work. Furthermore, our 
understanding of the induction of anaesthesia by reductions of 
body temperature (Fig. 1) and hypoxia 1s even more limited. For 
example how can anaesthesia be induced in the complete absence 
of anaesthetics? Clearly this can have nothing to do with anaesthetic 
effects on either lipid or protein sites. And ıt has long been known 
that consciousness is lost when mammalian body temperature 
decrease below 32°C.° Other examples include loss of con- 
sciousness when oxygen partial pressures are decreased (one of 
the authors being taught, albeit 50 years ago, to deliver nitrous 
oxide to dental patients until their faces turned blue) and fainting 
following mutual strangulation by indulgent school children.’ 
Are these forms of ‘suspended animation’ unique, or can they be 
accommodated by any of the anaesthetic mechanisms that have 
been proposed? We suggest that it is caused by the potential 
vulnerability of synaptic vesicles to conditions that affect ion 
gradients or ion transport systems in the vesicle membranes. This 
integrated concept,!! which we will refer to as the pump-leak 
hypothesis, we now wish to revive and relate to a broader range 
of anaesthetic processes in the whole organism. 

Living cells, using metabolic energy and a variety of transport 
processes, maintain well-defined internal compositions that are 
different from the external environment. A cell uses these gradients 
in many ways: some are fundamental to survival, whereas others 
are used for more specialized functions. For instance, specialized 
intracellular compartments such as mitochondria, lysosomes and 
synaptic vesicles in neurones also have defined internal composi- 
tions. In synaptic vesicles, the homeostatic state is maintamed by 
metabolic activity which supplies ATP to 10n transport enzymes. 
These in turn generate ion gradients across the vesicle membrane. 
One such ubiquitous process 1s inward proton transport by ATP- 


dependent enzymes in synaptic vesicle membranes. The resulting 
pH gradients, acid inside, are used to drive the accumulation of 
neurotransmitters into the vesicles. If the metabolic balance 
between production and loss of energy is modified to the extent 
that the gradients are not sustained, it follows that synaptic vesicles 
will lose some fraction of accumulated neurotransmitters.!? 13 

The proton pump-leak hypothesis we put forward is that hypoxia 
(from whatever cause), temperature excursions, pressure, and the 
colligative effect of anaesthetics acting individually or in concert 
on specific cellular functions of the whole animal, will alter the 
ionic gradients of synaptic vesicles such that normal function is 
compromised. Hypoxia in the nervous system will clearly reduce 
the availability of ATP generally required by ion pumps. There 
will be little immediate effect on membrane receptors or the ionic 
concentration gradients across nerve cell plasma membranes. 
However, it is likely that the much smaller compartments of 
synaptic vesicles will quickly lose their ability to maintain ion 
gradients necessary for full function of synaptic transmission, 
leading to anaesthesia. 

Cold will reduce the rate at which enzymes in the synaptic 
vesicle membrane can transport ions against a continuing leak, 
again resulting ın compromised function caused by loss of neuro- 
transmitters. Higher temperatures in turn will increase lipid bilayer 
permeability to ions to an extent that cannot be compensated by 
increased transport rates, with the same result. Significantly, it is 
known that volatile anaesthetics also increase bilayer permeability 
to ions! and measurably increase ionic permeability of synaptic 
vesicles even at concentrations referred to as ‘clinical’.!? One of 
the authors!5 has questioned whether the permeability increase 
caused by clinical concentrations of anaesthetics is sufficient to 
inhibit synaptic vesicle function during neurotransmission. The 
question cannot be answered because we do not know how sensitive 
neurotransmission is to small changes in ionic permeability. 

Perhaps most significant to the pùmp-leak concept ıs that 
anaesthetic effects in whole ammal systems contradicted the 
thermodynamic prediction of the lipid perturbation model. That 
is, goldfish, when cooled, actually required less (and at the end 
no) anaesthetic to produce anaesthesia.!® It was this observation 
that prompted the pump—leak hypothesis, leading us to ask whether 
a lipid site or a protein site by itself can provide a broadly 
applicable mechanism for anaesthesia. We think not. Although ıt 
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Fig 1 Concentranon of butanol required to give zero success (100% 
avoidance and escape) in 20°C adapted goldfish at a range of test 
temperatures. Arrow indicates acclimation temperature Error bars indicate 
estimated errors from concentration response curves [vertical) or the 
temperature response curve (horizontal)!4 16 
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is amply demonstrated that a specific anaesthetic acting on a 
specific receptor on a given cell can be understood as leading to 
cellular anaesthesia, this obviously cannot account for the anaes- 
thetic effects of hypoxia and temperature excursions on the whole 
organism. We believe that further tests of the pump—leak concept 
are warranted, particularly taking into account the predicted 
relation between anaesthetic action and energy metabolism, ion 
transport and lipid bilayer permeability noted here 
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Inappropriate methods for patient satisfaction 


Editor—The prospective study by Myles and colleagues,! 
addressing patient satisfaction after anaesthesia and surgery, covers 


a major field of interest in the evaluation of outcomes in 
anaesthesia. The size of the sample is impressive and denotes 
considerable effort to represent the population of patients 
concemed Yet, despite the endeavour to present compelling results 
on patient satisfaction, important methodological pitfalls were 
overlooked. 

There is no mention of the criteria employed for the selection 
of patients. The variable ‘patient satisfaction’, considered as a 
major outcome, was measured by a question with only three 
choices of answer, and results dichotomized between satisfied vs 
somewhat dissatisfied—dissatisfied Such strategy 1s not very well 
considered,” and it does not generate enough vanance in the 
distribution of the data collected. In addition, services offered by 
anaesthetists include many components. We doubt that such a 
complex issue can be properly evaluated by only one question. 

Even though the authors recogmze the influence of social 
desirability (eager to please investigator) on respondents, no 
measures were taken to control for this important confounding 
variable. Social desirability 1s more likely to influence older 
patients (>65 years),° and most likely contributed significantly to 
the final results since this patient population constitutes close to 
37% of the sample presented. 

Evaluation of patients’ perceptions of satisfaction within 24 h 
of surgery may well be premature. In the immediate postoperative 
period, patients may still be under the effects of sedative or 
analgesic drugs (residual effects), especially patients undergoing 
orthopaedic (18.9%), cardiothoracic (12.4%), neurosurgical 
(7.6%), plastic (5.3%) or burn (1.8%) procedures. 

Such a large sample would have benefited from proper methods 
The use of sub-optimal methods casts a serious doubt on the 
results reported (overall level of satisfaction of 968%) As an 
anaesthetist once wrote ‘This apparent satisfaction (high level) 
should therefore give the anaesthetist little cause for self- 
congratulation, since it implies that the patient neither expects 
nor demands a high standard of service or expertise from his 
anaesthetist...’ We propose that the apparent satisfaction with 
anaesthesia 1s not related to patient demands or expectations, but 
to the use of inappropnate methods. The (inappropriate) methods 
employed may mislead many readers unfamiliar with research 
protocols regarding evaluative studies into believing that services 
provided by anaesthetists have little unfluence on overall patient 
satisfaction with their surgical experience. 

In conclusion, regardless of the number of respondents ın a 
study; only valid methods (including appropnate sample size) and 
control of major confounding variables can generate credible 
results and guide future meaningful researches on this important 
subject 
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Editor—-Thank you for the opportunity to reply to the letter from 
Le May and colleagues. We appreciate their interest and agree 
with a number of issues raised. Some of these were briefly 
addressed in our onginal paper. Measurement of satisfaction is 
indeed difficult and 1s certainly influenced by expectations. More 
extensive and complex instruments have been described, but these 
are unsuitable for routine quality assurance (QA) activities. The 
decision to dichotomize the degree of satisfaction (or 
dissatisfaction) is in our opimon justified. An expression of 
satisfaction requires the patent to make a judgement and 
incorporates their expectation of care. The construct validity 
is supported by the strong association between dissatisfaction, 
awareness, pain, emesis and other complications. Our 
dissatisfaction rate may well be an underestimate, but it does 
provide valuable information for us to consider: associated factors 
may be prevented or better treated. This was the purpose of 
our paper. 

We included all patients who had been surveyed on the morning 
after surgery (as part of our routine QA activities). The purpose 
of our QA is to identify deficiencies in care, monitor aspects of 
recovery and patient satisfaction, and, ultimately, improve the care 
of our patients. Selection bias was minimized in our study because 
we included all eligible patients. There were no other selection or 
exclusion criteria. Inevitably, this does bias the sample of 10 811 
towards patients having more major surgery. Timing is an important 
consideration. We accept that some patients were unable to provide 
a clear assessment of their care, but we intentionally interviewed 
them on the morning after surgery so that aspects of our care can 
be rated. Later review may be more valid, but this may be 
confounded by later (non-anaesthetic) events. 

Patient satisfaction is one of several important outcomes of 
anaesthetic care. Other methods or mstruments, particularly if 
used in conjunction, will certainly provide a more complete and 
precise evaluation. We encourage others to develop and validate 
their use and to pursue patients’ assessment of their care. 


PS Myles 

A. M. Weeks 

Department of Anaesthesia and Pain Management 
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EEG-controlled rapid opiate detoxification under 
general anaesthesia 


Editor—The short communication by Hensel, Wolter and Kox on 
rapid opioid withdrawal under general anaesthesia! makes no 
mention of the dangers of the technique, which remains 
controversial. In April 1998, the Home Office made the following 
statement on this matter that was reproduced in the President’s 
statement in the July 1998 Royal College of Anaesthetists’ 
Newsletter. ‘The Advisory Council on the Misuse of Drugs 
(ACMD) concluded in the light of the available research literature 
that the effectiveness and safety of rapid anaesthetic-antagonist 
detoxification as a treatment method had not yet been established 
and that the risks attached to the treatment currently appeared to 
outweigh its benefits. Doctors who practice the treatment could 
be vulnerable to claims of medical negligence from any patient 
who suffered complications after treatment. Such claims would 
be difficult to defend in the light of the findings of the ACMD.’ 

Anaesthetists who are tempted to use this technique should 
therefore bear this statement in mund. 


D. J. Hatch 

Portex Department of Anaesthesia 
Institute of Child Health 

London 

UK 


1 Hensel M, Wolter S, Kox WJ. EEG-controlled rapid opioid withdrawal 
under general anaesthesia. Br J Anaesth 2000; 84: 236-8 


Editor—We appreciate the points made by Professor Hatch 
concerning our article. We are fully aware of the President’s 
statement from the Royal College of Anaesthetists and share the 
concerns about the safety of this detoxification method in the 
wrong hands or the wrong environment. However, so far we have 
used this method for the detoxification of 140 drug addicts and 
have come to a slightly different view. Recently, we were able to 
show in a prospective study that rapid opiate detoxification under 
general anaesthesia is a safe and efficient method to suppress 
withdrawal symptoms.! However, when using opiate receptor 
antagonists and anaesthetic techniques to facilitate rapid 
detoxification and suppress withdrawal symptoms, serious adverse 
events such as pulmonary oedema, cardiovascular impairment, 
inadvertent anaesthetic overdose, or aspiration may occur.” 3 In 
most of the cases, tracheal intubation was not performed or 
inappropriately high doses of anaesthetics or opiate antagonists 
given. 

Summarizing the literature and our experience we recommend 
that the treatment should be performed by experienced anaesthetists 
or intensivists, with qualified nursing care present throughout the 
procedure. Second, continuous monitoring of vital organ function 
1s essential. The basic monitoring should involve measurements 
of heart rate, invasive arterial blood pressure, pulse oximetry, end- 
tidal carbon dioxide, respiratory rate, body temperature and central 
venous pressure. Gastrointestinal secretion and urine output should 
be recorded, and blood gas analyses and plasma concentrations of 
sodium, potassium, glucose and lactate should be measured. 


M. Hensel 

Department of Anaesthesiology and Intensive Care 
University Hospital Chanté 

Berlin 

Germany 
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Histaminoid reactions associated with rocuronium 


Editor—I was interested to read the report of three histaminoid 
reactions to rocuronium.! 

All three patients experienced hypotension, tachycardia, varying 
difficulty with ventilation and audible wheeze on auscultation, 
and exhibited an erythematous rash as part of the histaminoid 
response. It is noteworthy that ‘there was some reluctance to 
administer epinephrine even when the diagnosis of anaphylaxis 
was Clearly suspected’. j 
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In an analysis of 57 critical incidences of anaphylaxis under 
anaesthesia, Currie and colleagues? comment on ‘the difficulty in 
making the diagnosis in the acute phase, especially when there is 
no obvious cutaneous manifestation’ and ‘if only one of the signs 
of hypotension, bronchospasm or skin manifestations (including 
airway oedema) is noticed, especially if severe, the possibility of 
allergy must be considered early ...’. What hope is there of 
achieving this if ‘some reluctance’ to treat patients with all the 
signs of a ‘classical’ reaction? 

The problem is clearly in making the diagnosis of an anaphylactic 
reaction in the acute phase (about 90% occur on induction)? 
and initiating treatment as recommended in the Association of 
Anaesthetists Guidelines.4 Perhaps there is concern about the 
initial use of epmmephrine if the patient already has a tachycardia. 
I note that in two of the three patients, aminophylline was given 
first, presumably as bronchospasm was perceived to be the most 
importent problem. 

If only 36% of patients experiencing an anaphylactic reaction 
under anaesthesia have bronchospasm (ranging from transient to 
severe) but 88% show cardiovascular collapse (10% as the sole 
presenting feature)? 4 then why not recommend methoxamine as 
the initial drug of choice? Epinephrine could be given first if the 
bronchospasm was severe or if it was the sole presenting feature. 
The first patient described needed methoxamine as well as 
epinephrine, as did a patient described in a recent letter.” 

The commonest presenting features in anaphylactic reactions 
under anaesthesia since 1990? have been desaturation, loss of 
pulse waveform or transient difficulty in inflation. In a so-called 
‘typical’ or ‘classical’ anaphylactic reaction, terms that are not 
necessanly helpful, the patient develops a tachycardia. In two 
recent reports of anaphylaxis to succinylcholine® ’ the presentin, 
clinical feature was bradycardia whereas in previous reports, 
patients developed a tachycardia, albeit following hyoscine or 
atropine premedication. Tachycardia may be the commonest 
response in anaphylaxis but any arrhythmia may occur. 
Cardiovascular collapse of asystole!? or bradycardia may be the 
presenting feature of an anaphylactic reaction under anaesthesia. 
Two patients without underlying heart disease have survived an 
anaphylactic reaction (one associated with anaesthesia) following 
the use of intra-aortic balloon pumping.!! The problem would 
appear to be one of primary cardiac dysfunction. 

Patients present with varying degrees of pre-existing myocardial 
and bronchial disease. In addition, they may be taking regular 
medication, for example ACE inhibitors, Hj, H3 or B-blockers; 
may have been given anticholinergic premedicant drugs; and may 
have had an epidural sited. The response to histamine or other 
endogenous substance release may not be so predictable, the 
presenting features may only involve one of the cardiovascular, 
respiratory or dermatological system; and the response to therapy 
may not be so effective. 

The three cases reported by Neal and colleagues! emphasize 
that delays in diagnosis and in instituting appropriate therapy do 
occur. The presenting clinical features of an anaphylactic reaction 
under anaesthesia are diverse and teaching must be less dogmatic if 
the diagnosis is to be made early and suitable therapy commenced. 


R M. Foxell 

Department of Anaesthesia 
Dorset County Hospital 
UK 
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Editor—Thank you for the opportunity to comment on Dr Foxell’s 
letter. In general, he seems to support our views although it is 
important not to be too critical of the clinicians involved regarding 
their expectant approaches to the use of epinephrine. All three 
patients developed a complete picture of anaphylaxis with 
cardiovascular, respiratory and dermal features, but these features 
did not all appear immediately or together. Each had to be 
recognized and the differential diagnoses considered before 
treatment could be instituted. We do agree absolutely with him 
on the utility of methoxamine in patients who are both hypotensive 
and tachycardic. 


P R. Manthri 

J A. W. Widsmith 

University Department of Anaesthesia 
Ninewells Hospital & Medical School 
Dundee 

UK 


Comparison of laryngeal mask and intubating 
laryngeal mask insertion by the naive intubator 


Editor—A secure airway is fundamental to the provision of basic 
and advanced life support.! Whilst the laryngeal mask airway 
(LMA) offers a useful alternative for untrained staff,? the 1998 
European Resuscitation guidelines state that the tracheal tube (TT) 
remains the gold standard.? Choyce and colleagues in their study 
comparing the use of the LMA and the intubating LMA make a 
bold statement.* They suggest that valuable time may be saved by 
an experienced airway practitioner (by implication an anaesthetist) 
avoiding direct laryngoscopy and passıng the TT down the 
intubating LMA. We feel that this assertion 1s probably erroneous 
and possibly dangerous. 

First, whilst all anaesthetists are trained to a high level of skill 
at performing direct laryngoscopy and tracheal intubation, the 
intubating LMA is a new device with which many are unfamuliar. 
This, of course, would be easily remedied by the widespread 
availability of such devices in all operating theatre suites, 
accompanied by their use in all cases where insertion of either an 
LMA or a TT 1s deemed appropriate. This would have clinical 
and cost implications which would need to be addressed. In any 
event, it seems unlikely that a skilled anaesthetist would achieve 
intubation with a TT any more rapidly by the use of an 
intubating LMA. 


823 


Correspondence 


Second, the suggestion that the specific avoidance of direct 
laryngoscopy in the acute management of the airway is a practice 
to be actively encouraged appears to us to be worthy of little 
merit. Current Association of Anaesthetists guidelines suggest that 
minimal standards of monitoring should include a capnograph.> 
In the absence of the direct observation of the TT passing between 
the vocal cords, scrutiny of the end-tidal carbon dioxide trace 
confirms correct placement of a TT. However, during 
cardiopulmonary arrest, when correct placement of the TT is 
integral to success, such monitoring equipment is rarely available. 

Whilst it is interesting that significantly more participants rated 
insertion of the intubating LMA as easier than the regular LMA, 
no comment is made as to which was attempted first. Indeed, 
although the order of insertion was randomly allocated by means 
of a toss of a coin, ıt is not stated whether this led to equal 
numbers of participants in each group. However, if no bias were 
introduced at this stage, it would seem reasonable to provide 
an intubating LMA on resuscitation trolleys, for use by non- 
anaesthetists. This should not preclude direct laryngoscopic 
visualization of the TT passing between the vocal cords at the 
time of intubation. 


S. I. Jaggar 

C P. R. Walker 

Royal Brompton Hospital 
London 


| Advanced Life Support Course Provider Manual (3rd edn), Resuscitation 
Council (UK) 1998 

2 The use of the laryngeal mask airway by nurses during cardiopulmonary 
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3 Baskett PF], et al. Guidelines for the advanced management of the 
airway and venulation during resuscitation. Resuscitation 1996; 201-30 

4 Choyce A, Avidan MS, Patel C, et of. Comparison of laryngeal mask 
and intubaung laryngeal mask inseruon by the naive intubator Br } 
Anaesth 2000; 84: 103-5 

5 Recommendations for Standards of Monitoring Durng Anaesthesia and 
Recovery. Revised 1994; Association of Anaesthetists of Great Britain 
and Ireland, London 


Editor—We thank Jaggar and Walker for their comments and 
would like to discuss some of the issues raised. In our introduction! 
we made the proposition that valuable time could be saved during 
resuscitation if an experienced airway practitioner intubated the 
trachea via an intubating laryngeal mask (ILM) already inserted 
by a non-anaesthetist. We did not set out to investigate any further 
benefit accrued from reduced time to secure the airway with a 
tracheal tube. However, the significant benefits of the ILM over 
the laryngeal mask airway (LMA) that we did show (reduced time 
to insertion, improved ventilation, preferred device) led us to 
conclude that there may a place for the ILM in resuscitation. We 
can only speculate at this point as to whether the anaesthetist 
called upon to secure the airway perhaps without a pillow, without 
an assistant, with poor patient position, immovable bed head, etc., 
would fare better with an ILM. As to what part of this process 
they feel to be dangerous we are unsure; certainly unfamiliarity 
with the device should exclude its use as a conduit for tracheal 
imtubation.? 

We accept that, as a blind technique, one clinical sign of a 
successful tracheal intubation is lost when using the ILM. However, 
the anaesthetist trained in its use can expect a success rate of over 
90%.? Surely other signs of tube placement available to the 
anaesthetist can be relied upon to remedy the minority of 
misplaced tubes? 

Finally, our method of random allocation of order of device 
insertion is a potential source of bias. However, we can reassure 


the correspondents that the numbers inserting each device first 
differed by only a single participant. It ıs pleasing that they feel 
able to justify the presence of the ILM on a resuscitation trolley. 
We feel that the case is not yet made and are further investigating 
the use of the ILM in anaesthetized patients 


A. Choyce 
Toronto Western General Hospual 
Canada 


I Choyce A, Amdan MS, Patel C, et al. Comparison of laryngeal mask 
and intubatirg laryngeal mask insertion by the naive Intubator. Br J 
Anaesth 2000; 84: 103-5 

2 Avidans MS, Harvey A, Chitkara N, Ponte J. The intubating laryngeal 
mask airway compared with direct laryngoscopy. Br J Anaesth 1999, 
83: 615~17 

3 Kapila A, Addy EV, Verghese C, Brain Al]. The intubating laryngeal 
mask airway: an initial assessment of performance, Br { Anaesth 1997; 
79: 710-13 


Severe vasovagal attack during regional anaesthesia 
for Caesarean section 


Editor—The case report by Watkins and colleagues! provides 
clear illustration of a potential complication of inducing regional 
anaesthesia with the patient seated. A vasovagal attack, probably 
superimposed on some degree of sympathetic block, caused severe 
hypotension which was resistant to treatment and led to some 
fetal compromise. Our experience, like theirs, is that vasovagal 
episodes in association with regional anaesthesia are not rare, 
although we find some clinicians reluctant to accept that it can 
happen ın spite of previous reports in the literature.? Rightly, 
Watkins and colleagues ask how their patient might have been 
better managec. We have two comments. 

First, there is the question of patient position. The optimum 
position for inducing spinal anaesthesia for Caesarean section has 
been debated, with advocates of the sitting position citing ease of 
technique and rapid dural puncture among its advantages.? 
However, the performance of a combined spinal/epidural technique 
is a more lengthy procedure. These episodes are difficult to predict 
and can occur in apparently calm individuals with no preceding 
history of fainting The longer the patent is sitting, the greater 
must be the risk (and severity) of any such episode. However, 
the horizontal position is no absolute protection, as Figure 1 
demonstrates. 

A healthy, 45-yr-old woman received an intrathecal injection 
of tetracaine (10 mg in 2 ml saline) prior to varicose vein surgery. 
Lumbar puncture was performed in the lateral position, and was 
entirely straightforward, but when she was placed supine she 
was found to have severe nausea, pallor, bradycardia and an 
unrecordable blood pressure. Atropine 0.6 mg, followed by 
ephedrine 15 mg, both 1.v., produced some increase in pulse rate 
and a recordable blood pressure, but no real improvement. The 
concern was of a total spinal, but the block was no higher than 
the inguinal ligament. At this time, an apology arrived from the 
ward staff regarding accidental omission of the premedication 
(temazepam 1C mg) and prompted administration of a small dose 
of thiopental (50 mg), the most immediately available sedative. 
The effect on all clinical variables was dramatic: pulse, blood 
pressure and peripheral circulation were restored, and the nausea 
stopped. After a few minutes, the blood pressure started to decrease 
again and the nausea recurred so a further two doses of thiopental 
50 mg were given and caused the patient to sleep, uneventfully, 
through her operation. 

Thus the second issue is the role of anxiolytic drugs in the 
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Fig 1 Summary of a vasovagal attack during induction of spinal anaesthesia. 


prevention and treatment of such episodes. Clearly, the issue must 
be approached with caution because other causes of hypotension 
during induction of regional anaesthesia might be exacerbated by 
administration of central nervous system depressants. However, 
we feel that the key feature seen in this patient (and other less 
severe cases), was the association of nausea with bradycardia, 
both responding to quite low doses of sedative. Premedication 
exerts a protective effect and its use is to be encouraged. This 
might not be acceptable in the obstetric situation, but a small dose 
of i.v. benzodiazepme (e.g. midazolam 1 mg) as treatment, if not 
for routine prevention, of such events is unlikely to affect the 
baby significantly. 


D. Burke 

J A. W. Wildsmuith 

University Department of Anaesthesia 
Ninewelis Hospital & Medical School 
Dundee 

UK 


| Watkins EJ, Dresner M, Calow CE Severe vasovagal attack during 
regional anaesthesia for Caesarean section. Br J Anaesth 2000; 84: 
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2 McConachie |. Vasovagal asystole during spinal anaesthesia Anaesthesia 
1991; 46: 281-2 

3 Serpell MG, Carson DF. Maternal position during Induction of spinal 
anaesthesia for Caesarean section, Anaesthesia 1995; 50. 921-2 


Editor—Watkins, Dresner and Calow describe an episode of severe 
and resistant hypotension in a patient undergoing Caesarean section 
under regional anaesthesia.! They describe an event which, in its 
milder form at least, is a common occurrence in obstetric 
anaesthesia. They convey the feeling of impending terror we all 
have when initial measures fail to rectify this situation and their 
case highlights the potential neonatal morbidity associated with 
prolonged maternal hypotension. I would like to comment on one 
aspect of their management. 

I wonder why they chose to continue to give ephedrine once 
the inital 30 mg had failed to work. They state that they went on 
to give another 40 mg in divided doses. Ephedrine acts partly 
by direct stimulation of o-receptors and partly by displacing 
norepinephrine from sympathetic nerve endings. Tachyphylaxis is 
a well-known characteristic of ephedrine because of depletion of 
noradrenergic stores. Repeated doses in the face of a poor response 
bring diminishing returns. 

In my experience, if ephedrine 30 mg has failed to produce an 


appreciable or sustamed effect, further doses do not help. In such 
an event, and given that the patient has a normal heart rate and 
adequate intravascular volume, it ıs my practise to give a small 
dose of a pure c-agonist, such as methoxamine 2 mg or 
metaraminol 1 mg. I find ıt is relatively unusual to have to give 
more than one or two such boluses to achieve an acceptable blood 
pressure. A straw poll amongst my colleagues confirms that I am 
not alone ın this practice. Impairment of uterine blood flow 1s a 
commonly quoted relative contraindication to the use of pure O- 
agonists prior to delivery of the fetus. However, ın this case report, 
the patient was in a precarious situation, with penods of ‘severe 
hypotension and near syncope’. 

The authors opt for the diagnosis of ‘a combination of vasovagal 
reflex with spinal-induced sympathectomy’. However, the patient's 
heart rate was 80 beat min“, could it not simply be that this was 
a spinal-induced sympathectomy which was incompletely treated? 
I wonder if the authors made a conscious choice not to use a 
direct o-agonist in this case and if so, why? 


T, Meek 

Royal Victoria Infirmary 
Newcastle-upon-Tyne 
UK 


| Watkins EJ, Dresner M, Calow CE. Severe vasovagal attack during 
regional anaesthesia for Caesarean section. Br J Anaesth 2000, 84. 
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Spinal anaesthesia in children: 
the point? 


are we missing 


Editor—We would welcome the opportunity to comment on the 
study by Kokki and Hendolin.! We appreciate that this study was 
designed primarily to evaluate the role of bancity in block 
characteristics but question what benefits are gained by using this 
technique ın healthy children. 

The remit of any anaesthetist called upon to anaesthetize a child 
must be to create ideal operating conditions safely whilst causing 
the least possible distress to the child. Stress at induction of 
anaesthesia has been shown to cause postoperative behavioural 
problems.? In recent years studies have shown that parental 
presence at induction reduces stress,? * and that even after the 
administration of a premedicant, 10-20% of children are still 
distressed by parental separation.” 

Drs Kokki- and Hendolin point out that despite a reasonable 
anxiolytic premedicant, approximately 50% of children felt 
uncomfortable, or expressed a wish for further sedation. The 
authors looked at a wide age range but made no comment as to 
whether the age of the child had a bearing on the requirement for 
further anxiolysis. The authors state that the advantages of the 
spinal technique are rapid onset, profound and uniformly 
distributed analgesia and good neuromuscular blockade We would 
suggest that a balanced general anaesthetic technique would also 
achieve these benefits and have the added advantage of reliability— 
spinals in children have failure rates as high as 5-10%5—and 
avoidance of child—parent separation whilst the child is conscious 

We appreciate that general anaesthesia is not without risk, but 
suggest that the morbidity related to spinal anaesthesia is more 
significant We note that Drs Kokki and Hendolin quote a 5% 
incidence of hypotension requiring treatment, and a 6% incidence 
of bradycardia requiring treatment with atropine. Other studies 
have highlighted the greater incidence of cardiovascular instability 
in children over 5 yr old.’ Also the incidence of postdural puncture 
headache has been reported to be between 5 and 50% in children 
over 8-10 yr old. 

The anaesthetist’s responsibility also extends into pain control 


825 


+ 


Correspordence 


postoperatively. For surgical procedures below the umbilicus the 
gold standard must be epidural analgesia, be this via a one shot 
caudal or a catheter in the lumbar region. Unfortunately, none of 
the children ın this study were able to benefit from this technique. 
Whereas it may be reasonable to expect adolescents and young 
adults to give informed consent to a spinal anaesthetic, we would 
question the ability of 7- to 12-yr-olds to fully comprehend the 
concept of the technique and therefore be in a position to give 
informed assent. 


D. P. Prosser 

Department of Anaesthesia 
Bristol Children’s Hospital 
UK 


T. K. Howell 

Department of Anaesthesia 

Royal Manchester Children’s Hospital 
UK 
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Editor-—-We are pleased that our study of spinal anaesthesia has 
generated interest. As Prosser and Howell noted the aim of our 
study was to evaluate the role of baricity in block characteristics. 
The failure rate of spinal anaesthesia in these patients was 4%. 
However, none of the children needed conversion to general 
anaesthesia to complete surgery. Moreover, the incidence of 
postdural puncture headache was 4%, and ın all children the 
symptoms resolved in 1 or 2 days: none needed an epidural 
blood patch.! 

We agree with Prosser and Howell that general anaesthesia is 
not without risk,? and that the anaesthetist’s responsibility also 
extends into pain control postoperatively.? 4 We therefore use 
epidural analgesia with a lumbar or thoracic catheter after major 
surgery? © (‘the gold standard’) and after minor surgery we use 
peripheral blocks combined with proactive pain treatment with 
non-opioid analgesics.? 47 

In those children who have a history of hypotension and/ 
or bradycardia due to extended sympathetic block after 
spinal anaesthesia we would use a smaller dose of bupivacaine, 
0.2 mg kg™! instead of 0.3 mg kg™ ın future, if required. 


‘gf Kokki 


Kuoplo University Hospital 
Kuopio 
Finland 
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Effect of continuous epidural 0.2% ropivacaine vs 
0.2% bupivacaine on postoperative pain, motor 
block and gastrointestinal function after abdominal 
hysterectomy 


ditor—We read with interest the paper by Jørgensen and 
colleagues ın which epidural infusion of 0.2% ropivacaine and 
bupivacaine were compared as analgesia after hysterectomy.! Pain 
scores, use of supplementary analgesics and motor block were 
evaluated. 

The authors found that the two solutions were remarkably 
sunilar, However, in the subgroup requiring supplementary 
analgesia more doses of ketorolac were required by patients in 
the 0.2% ropivacaine group during the first 24 h. There was also 
a ‘trend’ towards increased requests for supplementary morphine 
and reduced motor block with ropivacaine. 

This is another of the many studies that have failed to address 
differences in potency between ropivacaine and bupivacaine. It is 
very difficult to assess such differences in the clinical situation. 
This study uses a common model, which relies upon the number 
of requests for supplementary analgesia to distinguish between 
agents This introduces a mass of variables, such as availability 
and effectiveness of the supplementary agent chosen, which may 
mask even quite marked differences between agents. A more 
effective technique establishes the mmuimal dose required to 
produce analgesia. In almost all clinical situations, this is unethical. 
However, in Jabour, minimal analgesia without any supplementary 
analgesic is desirable. Two studies have used this model: both 
Capogna's* and Polley’s? group found that ropivacaine is only 
60% as potent an analgesic agent as bupivacaine. 

In studies such as this one, where equal concentrations of 
ropivacaine and bupivacaine are used, any comparison of the 
effect on motcr block and postoperative pain are uninformative. 
In addition, the previously established differences in safety between 
the two agents may be confounded by differences in potency. 

This is why the studies by Polley and Capogna are important. 
Surely it is time that studies comparing ropivacaine and 
bupivacaine routmely assume an analgesic potency ratio of 
approximately 0.6? 


A M Pickford 

A. J. Eldridge 

Queen Alexandra Hospital 
Portsmouth 

UK 
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Editor—We thank Dr Pickford and Dr Eldridge for their comments. 
We agree with most of their remarks. We thought it was time to 
make direct comparisons between ropivacaine and bupivacaine 
with respect to effects on postoperative pain after abdominal 
surgery. The main problem, as we see it, 1s not whether ropivacaine 
is only 60% as potent an analgesic agent as bupivacaine, but if 
ropivacaine has a more favourable sensory/motor (‘differential’) 
block profile than bupivacaine in the clinical situation. Our clinical 
study cid not indicate that this is the case. Problems with power 
may explain some of the inconclusive results. Future studies 
should compare the effects of 0.12% bupivacaine with 0.2% 
ropivacaine in about 250 patients, if anybody believes that it is 
worth the effort! 

H. Jørgensen 

J. S. Fomsgaard 

J. Dirks 

J. Wetterslev 

J. B. Dahl 

Department of Anaesthesiology and Intenstve Care 

Herlev University Haspital 

Herlev 

Denmark 


Hidden hazards of scavenging 


Editor,—Dr Carvalho’s letter on the hidden hazards of scavenging! 
has highlighted a very important problem which all anaesthetists 
and anaesthesia nurses should be aware of. This is certainly not 
the first incident and will not be the last. 

The photograph 1n the letter showed an arrangement where the 
wheel of the anaesthetic machine can be seen occluding the 
scavenging transfer tubing. I have no doubt that this ıs a 
re-enactment. The tubing is connected to the adjustable pressure- 
limiting valve of the carbon dioxide absorber. Any anaesthetist 
familiar with the use of the circle circuit will know that only during 
spontaneous breathing general anaesthesia will the adjustable 
pressure-limiting valve be left partially opened. Only during such 
an arrangement will the expuratory resistance be affected by the 
occlusion of the scavenging transfer tubing. This explains the 
difficulties encountered during hand ventilation. 

During mechanical ventilation, the adjustable pressure-limiting 
valve of the carbon dioxide absorber should be closed to avoid 
leakage of gas during positive pressure ventilation. The photograph 
cannot be used to explain why there was a baseline of 17 cm H,O 
during mechanical ventilation. Nevertheless, it was the keen eye 
of the anaesthetist which prevented any morbidity. 

Similar Ohmeda anaesthetic machines are used in our operating 
theatres. At the back of the machine, there is a handle on either 
side to facilitate handling of ıt. The scavenging transfer tubing 
can be threaded through the handles to secure it. This arrangement 
will prevent accidental occlusion of the scavenging transfer tubing 
by the wheels of the anaesthetic machine. 


N. C. Hwang 
Singapore General Hospital 
Singapore 


I Carvalho B. Hidden hazards of scavenging, Br jJ Anaesth 1999, 83: 532-3 


Editor—Thank you for the opportunity to respond to Dr N.C 
Hwang’s comments on my letter. During hand-assisted or 
spontaneous ventilation, the adjustable pressure-limiting valve 1s 
left partially or completely open. As Dr N.C. Hwang has stated, 
it is only with this arrangement that the effects of occlusion to 
the scavenging transfer tubing will be appreciated. The increased 
expiratory resistance in the occluded tube explains the increase in 
baseline pressure encountered. Once the adjustable pressure- 
limiting valve 1s fully closed, the circuit is effectively excluded 
from the scavenging port and will not be affected by similar 
occlusions to the scavenging tube. 

During mechanical ventilation, the scavenging 1s specific to the 
anaesthetic machine and its assembly. The adjustable pressure- 
limiting valve is closed or bypassed when converting to a 
mechanical ventilation mode. Scavenging then occurs directly 
from the ventilator to the main scavenging transfer tubing or 
reservoir. The assembly of our ventilator scavenging involved a 
T-piece connection to the main scavenging transfer tubing which 
was excluded from the photograph for simplification in 
demonstrating the wheel occlusion. Whether or not occlusion of 
the scavenging tubing affects both spontaneous and mechanical 
ventilation 1s dependent on the site of occlusion. In my case, the 
obstruction was distal to the T-piece connection and therefore 
affected both modes of ventilation. 

Many of the newer machines eliminate this risk completely. 
For example with the Datex Engstrom AS/3®, the pipeline 
scavenging hose is connected directly to the back of the machine 
with the tubing and reservoir contained within the machine But 
it must be stressed that despite these efficient safety mechanisms 
and machine designs, there is no substitute for vigilance in the 
operating theatre. 


B Carvalho 

Royal Devon and Exeter Hospital 
Exeter 

UK 


Contamination of saline 


Editor—In the course of developing a new indicator (La*) dilution 
method of measuring cardiac output, we have encountered a 
problem due to a contaminant contained in bags of saline supplied 
for infusion in man. 

Lithium dilution cardiac output (LiDCO) 1s determined by 
injecting a small dose of lithium chloride (1-2 ml of 150 millimolar 
solution) intravenously and recording its artenal dilution curve by 
withdrawing blood (at 4.5 ml mun!) past a lithum-selective 
electrode which was developed for this application.! ? The method 
has been given FDA approval and has the advantages of being 
simple to use and of avoiding the risks of pulmonary artery 
catheterization (for full details see www.lidco.com). The electrode 
is ın a flow-through cell which is filled with saline except when 
making a measurement. Figure 1 shows two curves. The larger 
curve represents the change in the electrode membrane potential 


when uncontaminated saline is replaced by saline from a bag, „- Ky 


supplied for intravenous infusion (Baxter Healthcare Ltd) ‘The 
voltage drifts in a positive direction and the sensitivity, ofthe SS 
electrode to Li* is greatly reduced, so that the sensor is inusable. ` 

Salıne solution made up with sodium chloride bought from a7. 
grocer (J. Sainsburys plc) and London tap water has ,no such .: 
effect. The smaller curve was obtained while measuring cardiac 
output in a patient. It shows the change in membrane pdjental | 


produced by a bolus intravenous injection of lithium chlonde” = e 


0.3 mmol as arterial blood was withdrawn past a lithium electrode 
This curve represented a cardiac output of 4.4 litre mın“! and a 
peak lithium concentration of 0.5 mM. It is included in the figure 
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Fig 1 Plot of the lithium electrode membrane potential dunng replacement 
of uncontaminated saline with Baxter’s saline (larger curve), and during 
determination of cardiac output by lithium dilution (smaller curve). 


in order to put the magnitude of the effect of the Baxter saline 
contaminant in context. 

Further investigation showed that the source of the contaminant 
is the outer plastic pouch in which the bag of Baxter’s saline is 
contained. Baxter Healthcare Ltd supplied us with bags of saline 
which had never been in an outer pouch. Saline from these bags 
bad no adverse effect on the sensor, but when a small square of 
the pouch material was put into saline from one of these bags 
(which had never been in an outer pouch), heated and then cooled 
(as in an autoclave cycle), ıt had a similar effect on the sensor to 
that shown in Figure 1. The conclusion is that there 1s a substance 
present in the outer pouch which diffuses through the inner bag 
into the saline solution. The pouches used in the USA do not have 
this effect. 

This finding generates concern about the diffusion of foreign 
substances through the wall of the inner bag. Workers who require 
pure saline should not assume that commercially produced bags 
of saline contain nothing more than Na‘, Cl” and water. We have 
no proof that the contaminant (as yet unidentified) is harmful to 
man but one cannot assume that it is safe. It is not only hthium- 
selective electrodes that have membranes! 


R A. F Linton 

D M Band 

The Rayne Institute 
St Thomas’ Hospital 
London 

UK 


We are directors of Monitoring Technology Ltd and LiDCO Ltd, which 
are the companies responsible for the development of this method of 
measunng cardiac output 


I Linton R, Band D, O'Brien T, Jonas M, Leach R. Lithium dilution 
cardiac output measurement a comparison with thermodilution. Crt 
Care Med 1997, 25: 1796-800 

2 Linton RAF, Band DM, Haire KM.-A new method of measuring cardiac 
output in man using lichlum dilution. Br J Anaesth 1993; 71: 262-6 


Acute dystonia in a 14-yr-old following propofol 
and fentanyl anaesthesia 


Editor-—~Propofol and fentanyl are commonly used anaesthetic 
agents. We report a case of acute dystonia following administration 
of this combination of drugs for day-case surgery. A 14-yr-old 
girl, weighing 44.5 kg, received intravenous (i.v.) propofol 130 mg 
and fentanyl 50 ug as general anaesthesia for dental extractions. 
She had received the same combination of drugs for myringotomies 
10 and 15 months previously, without incident. She had no past 
history of motor difficulties, seizures or substance abuse and was 
not on any medication pre-operatively. Ten minutes after returning 
to the ward, while still asleep, she developed gross non-rhythmic, 
non-symmetrical jerky upper and lower limb movements which 
continued for several minutes. She was treated sequentially with 
diazepam 10 mg per rectum, diazepam 15 mg 1.v. and paraldehyde 
17 ml per rectum. Her abnormal limb jerking continued, but with 
less frequency, and ıt was decided to halt further anticonvulsant 
treatment. Serum electrolytes, calcium, magnesium, glucose, liver 
enzymes, lactate, ammonia, bicarbonate, full blood count and 
coagulation screen were unremarkable. Urgent cerebral CT scan 
was normal. Over the next 6 h, her conscious level returned to 
normal. Review by a paediatric neurology consultant concluded 
that her abnormal movements were dystonic. Treatment with 
procyclidine 2.5 mg i.v. produced transient and incomplete 
resolution of her symptoms. After three days, her abnormal 
movements abated completely. An EEG, performed 70 h after 
anaesthesia, showed no epileptiform activity but did show some 
non-specific slow wave and theta activity, consistent with sedative 
drug treatment. 

Abnormal movements following anaesthesia may be difficult to 
differentiate. Seizures following propofol anaesthesia are well 
recognized in adults! and have been reported in paediatric patients 
given propofol alone,” and in combination with fentanyl.? However, 
the only specific report of dystonia following propofol concerns 
an adult with a pre-existing torticollis-dystonia disorder.* Dystonia 
following fentanyl anaesthesia has been reported in an adult with 
untreated Parkinson’s disease” and in one other adult case.® 

Our 14-yr-old patient appears to have had an acute dystonic 
reaction to the combination of propofol and fentanyl. This has 
not, to our knowledge, been previously reported in a child (Medline 
search, 1966 to present, using keywords ‘propofol’ explode/ 
focus, ‘fentanyl’ explode/focus, ‘dystonia’ explode/focus, in all 
combinations). Her abnormal movements were initially 
misinterpreted as seizures and did not respond to conventional 
anticonvulsant therapy. Clinicians need to be aware of this potential 
side-effect so that accurate diagnosis can be made, thereby avoiding 
inappropriate investigation and drug treatment for abnormal 
movements. 


R. Bragonier 

D. Bartle 

S. Langton-Hew=r 

Royal Hospital for Sick Children 
Bnstol 

UK 


| Sutherland MJ, Burt P. Propofol and serzures. [Review]. Anaesth Int 
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Delayed selzures following sedation with propofol. Can J Anaesth 1993; 
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5 Mets B. Acute dystonia after alfentanil in untreated Parkinson's disease, 
Anesth Analg 1991; 72: 557-8 

6 Khan ZH. Dystonic movements following thalamonal and alfentanil 
induction-a case report. Mid East J Anesth 1998; 14: 281-6 


Laparotomy following femoral venous line insertion 


Editor—We report an unusual complication of femoral venous 
cannulation. A 35-yr-old man was admitted to casualty with 
superficial stab wounds to his neck and epigastruum. He was an 
intravenous drug user and securing venous access had been difficult 
for the accident and emergency staff He had had a large-bore, 
long left femoral venous line inserted and a 14G Venfion inserted 
into his right long saphenous vein. He was given 2 litres of 
crystalloid via the femoral line in casualty. He was oozing 
continuously from his left sided neck wound and a haematoma 
had developed subcutaneously. The wound in his epigastrium was 
explored by a surgeon ın casualty who felt that it did not penetrate 
the muscle layer. No other injuries were identified although the 
patient had had a left-sided intercostal drain inserted following a 
left-sided needle thoracocentesis in case the injury to the neck 
had caused a pneumothorax. The thoracocentesis did not reveal 
blood, fluid or air in the pleural cavity. We were told that the 
patient required surgery immediately to explore his neck wound. 

On arrival in the operating theatre his pulse was 55 beat min“! 
and arterial pressure 90/55 mm Hg. He was drunk (it was New 
Years Day) but denied having taken any other recreational drugs 
recently. We did not anticipate any problems with tracheal 
intubation and performed a rapid sequence induction with 
etomidate and succinylcholine. The drugs were administered via 
the 14G Venflon in his right saphenous vein. His arterial pressure 
fell after induction to 65/40 mm Hg. We connected a ‘Level 1’ 
pressurized, warmed, rapid infusion system to the left femoral 
line and rapidly infused 2 litres of colloid and 2 units of blood 
over a 5-min period. During this time, his lower abdomen was 
visibly distending. We decided that a laparotomy was needed 
immediately and assumed that the epigastric wound was deeper 
than the initial assessment had suggested. He became bradycardic 
during infusion of the colloid but atropine 0.6 mg plus 0.6 mg 
given via the left femoral line did not increase the heart rate. Prior 
intake of beta blocking agents was considered. At laparotomy, 
there was some free clear fluid in the abdomen but there was also 
a very large, fluctuating retroperitoneal mass. It was immediately 
obvious that the left femoral line was not in the femoral vein but 
had trecked alongside the femoral vessels into the retroperitoneum. 
All infusions into the left femoral line were ın the retroperitoneum. 

The Level 1 pressure system was switched to the 14G Venflon 
in the right saphenous vein, the laparotomy was closed and the 
superficial vein in the neck tied off. The patient was woken up 
and made a full recovery over the next few days. No drainage 
was made of the retroperitoneal collection, the surgeons assuming 
that it would be absorbed spontaneously. 

This case demonstrates a further complication of central venous 
line insertion; the problem of using venous lines placed by other 
practitioners; and the danger of high-pressure infusion systems 
when the cannula is not in the vein. 


S. Tomlinson ` 
L. Stannard 
Salford 

UK 


Fractured femur in the elderly 


Editor —We read the editorial by Sharrock! and the case report 
by Oliver and colleagues with interest.? The case report refers to 


the management of a femoral shaft fracture and the editorial deals 
exclusively with the management of femoral neck fractures. The 
views in the editorial are personal and are based on the Amencan 
experience as opposed to that of other countries or an evidence- 
based belief. 

It may be that more intensive perioperative assessment and 
monitoring may improve outcome for this group of patients as 
was suggested ın some small studies in selected groups of 
patients.’ 4 There is limited evidence on the effect of anaesthetic 
technique on outcome in fractured neck of femur surgery. Well- 
conducted studies in large numbers of patients are needed to see 
if different aspects of preoperative preparation and perioperative 
care will improve outcome. 

There has been a dedicated hip fracture service in Peterborough 
since 1987 and this multidisciplinary approach aiming for early 
resuscitation, operation and rehabilitanon has brought about 
dramatic improvements in morbidity and mortality. This has been 
achieved without the need for an intensive or high dependency 
service, which are in great demand in the NHS During the last 
12 years, 17 patients over 100 yr old have been treated with 
fractured necks of femur. The age range was 100-103 yr and we 
have the following follow-up data. Fifteen patients were treated 
operatively: seven had dynamic hip screws, seven had Austin 
Moore prostheses and one had AO screws. Six received general 
anaesthesia and nine spinal anaesthesia, none were admitted to 
the ITU. Three patients died within 30 days, seven had died by 
90 days and at the end of a year ten had died leaving seven 
survivors. Five of the deaths occurred in hospital. Twelve patients 
were returned home, mainly to residential care. The aim of the 
Peterborough service is fast track care and almost all of the 
operations are done by a dedicated surgeon (MP) with anaesthesia 
provided by consultants in day-light hours. 


R. Griffiths 

M, Parker 

Departments of Anaesthesia and Orthopaedic Surgery 
Peterborough District Hospital 

Peterborough 

UK 
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Drugs in Anaesthetic and Intensive Care Practice 
8th edition 


Editor—I and my co-authors are very grateful to you for your 
choice of reviewer. The author of a rival text can be relied on to 
spot any errors and 1s probably the best proofreader one could 
hope for. We are also grateful to Dr Calvey for the care and 
thoroughness with which he has undertaken the task 
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The multiple printing errors on Figure 8.1 should have been 
spotted by someone. Fortunately, as the first printing is on the 
point of selling out, we are ideally placed to correct this (and a 
few other errors) in a second printing. (This, incidentally, is at 
least a partial answer to Dr Calvey’s rhetorical query as to whether 
this edition would prove as popular as previous ones.) 

In one respect, however, I think Dr Calvey has been unfair. It 
is true that context-sensitive half-time is not mentioned in Chapter 
I, but it is mentioned in the monographs on both propofol and 
remifentanil, the only anaesthetic drugs in which it is relevant. 
However, in case other readers look for the topic in vain, we have 
now introduced it into Chapter 1 as well, together with index 
references. 


M. D. Vickers 

Department of Anaesthesia and Intenstve Care Medicine 
University of Wales College of Medicine 

Cardiff 

UK 


Editor—I note that Professor Vickers considers that one of the 
points made in my review is unfair. I accept that context-sensitive 
half-tmes are mentioned in the monographs on propofol and 
remifentanil-however, they are not discussed in the introductory 
chapter dealing with general pharmacology, which is the point I 
made in my review. ‘ 

I also note that Professor Vickers and his colleagues propose 
to correct this and various other omissions in the forthcoming 
reprinting of their book. 


T.N Calvey 

University Department of Anaesthesia 
Liverpool 

UK 


Temperature coefficients of the solubilities of 
inhaled anaesthetics 


Editor-—One of us recently had occasion to refer to our 1973 
paper! on temperature coefficients of the solubilities of ınhaled 
anaesthetics; he was horrified to find a typographical error in three 
of the equations as follows. Equations (1a) to (3a) are for fractional 
temperature coefficients and therefore the left-hand sides should 
all be (dA/dTV/A (not just dA/d7). In addition, the caption to the 
figure should have specified that the Ostwald solubility coefficients 
on the x-axis were all as at 37°C. 

A copy of the submitted typescript shows that these errors of 
commission and omission were in the orginal, so the fault is 
entirely that of the authors; no blame attaches to the then editor. 
Fortunately, these were no more than typographical errors: the 
calculations and results were not affected by them. 

We apologize to any readers who may have been misled and 
regret that one of the authors cannot join us in doing so: Alan 
Steward died suddenly in November 1999. 


P. R. Alott 

Information System Services 
University of Exeter 
Colchester 

UK 


V. Flook 

Ununed Scientific Ltd 
National Hyperbaric Centre 
Aberdeen 

UK 


W. W. Maplescn 

Department of Anaesthetics 

University of Wales College of Medicine 
Cardiff 

UK 


I Alot PR, Steward A, Flook V, Mapleson WW. Variation with 
temperature of the solubilities of inhaled anaesthetics in water, oll 
and biological media. Br J Anaesth 1973; 45: 294-300 


Multiple authorship 


Editor—Am I alone in questioning the need for multiple authorship 
of some of the short contributions and case reports published in 
the journal? I find it difficult to understand how an essay of two 
or three pages of text requires five, six or even seven authors and 
I wondered ıf the problem was unique to the British Journal of 
Anaesthesia. However, reference to my copies of the current issue 
of Anaesthesia and the European Journal of Anaesthesiology 
demonstrates an identical pattern. Moreover, examination of the 
general medical journals, The Lancet and the British Medical 
Journal, shows a similar trend. 

It was not always so. As it happened, on a completely unrelated 
matter, I recently needed to consult the first paper I had ever had 
published in the British Journal of Anaesthesia. The year was 
1953 but fortunately I had kept the relevant issue! and I took the 
opportunity to scan the contents list. It may come as a surprise to 
your younger readers, but of all the contributions only one had 
more than one author and that was a letter to the editor by two 
senior scientists based in Montreal who were seeking the assistance 
of the journal’s readers in collecting data on stress. Otherwise, no 
paper had more than one author, the editorial was anonymous as 
were the book reviews and the case reports were under the title 
‘From the Morbidity Conference’. Two further contributions, an 
appreciation of A. Charles King and an obituary of R. J. Probyn- 
Williams were unsigned although initialled. 

What has brought about this change? As I pondered over the 
possibilities, I had the good fortune to read a forceful and 
penetrating essay in The Lancet by Michael O’Donnell entitled 
‘Evidence based illiteracy: time to rescue the literature’? that put 
into words all my anxieties and doubts. In his opening sentence, 
Dr O’Donnell asserts and I quote ‘That oft-evoked entity ‘The 
literature’ has been corrupted by a language created by people 
who write not to be read but to be cited.’ His analysis was 
convincing and it was particularly heartening to discover that I 
was not alone in my anxieties about current trends in the 
medical journals. 

Dr O'Donnell ends his paper with a proposal that has my full 
support. He suggests, and again I quote: ‘If we could get the 
citation seekers out of our journals and into peer-reviewed 
electronic databases, we could rid ourselves of their vernacular 
and start to share our ideas in a clear, honest and interesting way.’ 

That of course needs the co-operation of editors, editorial boards 
and, perhaps most of all, the assessors who ensure that papers are 
suitable for publication. Will that co-operation be forthcoming? I 
would like to think so. 


J P Payne 
London 
UK 


1 Contents list. 3r j Anaesth 1953; 25: No. 2 April 
2 O'Donnell M. Evidence-based literacy: time to rescue ‘the Irterature’. 
Lancet 2000; 365: 489-91 
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Book Reviews 


Pharmacology and Physiology in Anesthetic Practice. R.K. 
Stoelting. Published by Lippincott-Raven, Philadelphia. Pp. 848; 
indexed; illustrated. Price US$99.00. ISBN 0-7817-1621-7. 


This is the third edition of this well known American textbook. 
In the seven years since the publication of the second edition, 
there have been a significant number of new drugs introduced 
into clinical practice and advances in the understanding of a 
number of physiological processes. The stated aim of this textbook 
is to update the information to provide an in-depth but concise 
presentation, for students and practising anaesthetists, of aspects 
of physiology and pharmacology relevant to perioperative care. 

The book consists of 770 pages divided into 58 chapters. 
Pharmacology accounts for 38 chapters (570 pages) and physiology 
for 20 (200 pages). This distribution generally reflects the strengths 
of the text where the pharmacology chapters address more precise 
subjects in detail and the physiology ones are dealt with more 
broadly. This is not a major criticism as it reflects both the greater 
volume and relevance of the advances ın the two subjects to 
anaesthetic practice. 

The pharmacology text covers the full spectrum of drugs used 
in anaesthesia and perioperative care. The sequence of chapters 
is in places a bit confused with, for example, a chapter on 
NSAIDs appearing between one on anticholinergics and one on 
sympathomimetics and then one on prostaglandins ten chapters 
on. The chapters are, on the whole, detailed and well structured 
with good use of figures and tables. Each chapter contains an 
extensive up-to-date list of references used in the text. It is nice 
to see an American text that uses an international set of references. 
The centent of the chapters is generally accurate and current 
although there are inevitably some omissions, for example in the 
NSAIDs chapter there is no mention of COX 1 and 2. 

The physiology text is, in my view, less comprehensive than 
the pharmacology one. The chapters do cover all the relevant 
topics and contain a considerable amount of information in a 
concise form. I found some areas to be too concise, for example 
Pulmonary gas exchange and blood transport of gases is dealt 
with in a chapter of just over eight pages and does not present 
the alveolar gas equation. The chapters are well illustrated with 
tables and figures, but the references are in the main to other 
physiology textbooks. 

The book 1s well indexed and, as well as having a comprehensive 
subject index, it has a useful drug index for quick reference to 
specific drugs. 

To use the old football catchphrase, this book 1s a game of two 
halves, with an excellent pharmacology ‘half’ and an adequate 
physiology one. I would have no hesitation in recommending this 
book to candidates preparing for the Primary FRCA examination 
with respect to the pharmacology content but would caution them 
that the physiology part would need some supplementation. As a 
reference text and source of teaching material this book would be 
a useful addition to a departmental library. 

C. S. Reilly 


Paediatric Anaesthesia, 2nd edition. E. Sumner and D. Hatch 
(eds). Published by Arnold, London. Pp 648; indexed; illustrated. 
Price £65. ISBN 0340719427. 


At 10 pence per page, this book is very good value as a 
comprehensive textbook of modern paediatric anaesthesia which 
has been comprehensively revised since the first edition appeared 
some 10 years ago. Striking improvements in layout, content 


and indexing have turned this book into an authoritative and 
comprehensive international textbook of paediatric anaesthesia. 
The core authorship of 14 staff from Great Ormond Street, London 
is complemented by 19 others from North America, Australia and 
Europe. These international perspectives have greatly enhanced 
the book. Twenty three chapters are grouped into those covering 
the basic core curriculum of modern paediatric anaesthesia (12 
chapters); those covering sub-specialty areas (seven chapters); 
chapters covering unusual conditions in paediatric anaesthesia; 
anaesthesia and sedation outside the operating room; resuscitation, 
and organization of paediatric anaesthesia. The outstanding 
chapters for me as both a paediatric anaesthetist and intensivist 
were those on cardiac anaesthesia, arway obstruction, day-stay 
surgery, unusual conditions and anaesthesia/sedation outside the 
operating room. There is good practical advice throughout the 
book, for example in the chapter on pain management and in the 
appendices. There is plenty of evidence of the impact on paediatric 
anaesthesia practice of drug developments such as sevoflurane, 
and of new techniques such as the use of the laryngeal mask 
airway. The line drawings are clear and useful throughout and 
some outstanding black and white photographs are included in 
the chapter on airway obstruction. The excellent layout of the text 
is complemented by clear and helpful tables, summary boxes and 
algorithms. 

“All in all, this book is a ‘must-have’ for every trainee in 
anaesthesia. It is a useful refresher for consultants and should be 
a core text for every department delivering anaesthesia services 
to children. The book will also be of great interest and benefit to 
operating department personnel, ward nursing staff and paediatric 
medical staff from all the Royal Colleges! I cannot commend this 
book highly enough. 

N. S. Morton 


Irwin and Rippe’s Intensive Care Medicine, 4th edition. Published 
by Lippincott-Raven, Philadelphia. Pp. 2518, 2 volumes; indexed. 
Price US$225. ISBN 0-7817-14257. 


If you were a specialist in intensive care in the USA or Australia, 
Irwin and Rippe’s Intensive Care Medicine would be familar as 
a core text. The fourth edition comes three years after the third 
edition and some 15 years since the first edition was published. 
This represents a genuine attempt by editors and publishers to 
keep abreast of the rapid changes in this speciality. At its inception 
it was obviously a medical intensive care textbook, its editors’ 
roots being in pulmonary medicine and cardiology. Gradually 
through each edition the balance between surgical and medical 
intensive care has improved aided by a third editor, Cerra, a 
Professor of Surgery. However, the book has kept its original 
title (irwin and Rippe’s) and many chapters are clearly written 
predominantly by physicians and not ‘intensivists’. 

Two volumes, 28 sections, 227 chapters and over 2500 pages, 
it is truly an encyclopaedic tome. However, it falls into the usual 
traps we would perceive in a book of this size. For the editors it 
is a gargantuan task to put together a book on this scale. Twenty- 
four section editors and a total of 331 contributors leads to obvious 
problems with quality control and duplication of information across 
the chapters. Although the editors claim that ‘every contributor has 
been challenged to add new state of the art information and discard 
outdated less clinically relevant data’, there are a paucity of 
references after 1996. As with many American textbooks, it 
appears parochial from the European perspective. If one scans the 
list of contributors, of 331 only seven come from outside the 
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USA, over half come from hospitals in the same States as the 
editors and this includes over one third from Massachusetts. Are 
Worcester and Boston, Massachusetts truly the world centres of 
excellence in intensive care? 

The actual layout of the book is clear and methodical, many 
chapters are brilliant (too many to list), all are comprehensive. 
Each chapter 1s extensively referenced. The first section on 
procedures and techniques is useful particularly for trainees (30 
chapters), but percutaneous tracheostomy and gastric tonometry 
could have received more critical appraisal as opposed to being 
minor inclusions. Sections 2-5 and 7 cover conditions encountered 
under organ system headings. Section 6 is on infectious disease 
problems in intensive care, but there is little emphasis on antibiotic 
resistance in the critically ill patient. 

Section 10 (38 chapters) is almost a textbook in its own nght: 
Pharmacology, Overdoses and Poisonings. It is one of the most 
detailed attempts to consolidate this topic I have ever read. Again 
it is a little out of date; ecstasy and selective serotonin reuptake 
inhibitors do not really appear. Sections 11 and 12, Surgical 
problems and Shock/Trauma are good, but septic shock gets about 
12 pages out of 2500 (what intensive care journal can you 
pick up these days without some editorial or research into 
pathophysiology of septic shock). The final sections on Nutrition, 
Psychiatric problems and Moral/Ethical issues strongly consolidate 
the completeness of this textbook. 

The two volumes are really impressive in their content and I 
struggled to find either a mainstream subject or peripheral topic 
that is not documented, explained and resolved within their pages. 
This book would sit well in a library, but probably not on a 
personal bookshelf. Anyone working in intensive care or preparing 
for the Diploma should have access to this sort of book, but before 
buying, would do well to view two others and assess which style 
suits best: Principles of Critical Care, 2nd edition 1998, Jesse 
Hall, a much less parochial American textbook with an extensive 
list of well known authors in intensive care medicine; and Oxford 
Textbook of Critical Care, 1999, an international textbook with a 
unique style, which highlights key messages and the most recent 
relevant references. 

Textbooks of this size will never be as up-to-date as a monthly 
Journal such as Critical Care Medicine, but within intensive care 
there are some evidence based issues of the late 1990s which I 
would have liked to have seen given more emphasis in Irwin and 
Rippe’s Intensive Care Medicine. Many people will appreciate this 
textbook. It is authoritative and detailed, I think there has been a 
lost opportunity to be the intensive care textbook for the new 
millennium; its style is ‘all inclusive’, though unimaginative and 
predictable. A final comment for the publishers would have to be, 
where on earth did the paper come from! 

T. H. Gould 


Careers ın Anesthesiology. Autobiographical Memoirs Volume 
Hi. B.R. Fink and K.E. McGoldrick (eds). Published by Wood 
Library-Museum of Anesthesiology, Park Ridge, Ilinois. Pp. 214; 
illustrated. Price US$35. ISBN 1-889595-02-0. 


When the first volume of this series appeared in 1997, I had the 
privilege of reviewing it.! I commented then that further volumes 
would do well to reach the standards of the first one and that 
perhaps there was a danger of them becoming ‘more of the same’. 
To some extent, this had occurred. All the authors are wnting of 
the era in which anaesthesia developed from a skilled craft to a 
precise science. Consequently, with a few exceptions, their life 
stories do not differ greatly. 

Volume MI includes two non-American authors, Stanley Feldman 
from Britain and Carlos Parsloe from Brazil and both make 
valuable contributions. Parsloe’s capacity for almost total recall, 
both for the important and the trivial, makes entertaining reading. 


The American writers are Ephraim S. Siker, John E. Steinhaus and 
Peter M. Winter. Although they offer different emphases I did not 
feel that they edded greatly to the picture of American anesthesiology 
I had derived from the earlier volumes. 

Obviously, the most interesting essays are from those writers 
who not only describe their lives but also attempt to evaluate the 
significance of the events they lived through and to which they 
contributed. Papper did this outstandingly well in Volume I, but in 
this one only Feldman and to a very small extent, Winter and 
Steinhaus, do so. Their conclusions are different. Winter limits his 
analysis to the topic, important though it is, of the qualities of 
leadership demanded of a head of department. Steinhaus looks into 
the future and sees it rosy, as least as far as the technological aspects 
of anaesthesia are concerned. Feldman, however, is more perceptive 
and he comes to the same conclusion as did Papper in Volume I in 
sadly regretting current trends. Papper was desperately concerned 
about the future of medicine in Amenica, seeing anesthesiology as 
the first casualty in the latest revolution where medical practice is 
driven entirely by economics and cost containment.* Feldman goes 
even further, pointing out that in the past the anaesthetist was a 
physician, a learned doctor, a savant who applied his knowledge to 
look after a patient under anaesthesia, whilst today he is merely a 
technician employed to give anaesthetic A for condition B. This 
trend seems to be world-wide, perhaps a reflection of the anti- 
professional attitudes so current in today’s society. Both Feldman 
and Papper regard themselves as being fortunate to have belonged 
to the lucky generation and those of us of that same generation will 
share their regrets and their anxieties. 

The Editor’s Note describes the series as ‘a new experiment 
in living history ... autobiographical panoramas of the protracted 
revolution which overtook anesthetic practice in the second half of 
the twentieth century’. The written word can hardly be regarded as 
anew medium and in this technological era one might reflect on 
whether the essay published in book form 1s still the best way to 
record memoirs. The story may be well told, but the personality of 
the author comes across less well. Film, video, even audiotaping 
shows this much better. Furthermore, the written essay includes only 
what the writer chooses to reveal, whereas a skilled interviewer may 
probe aspects which the subject himself may have overlooked, whilst 
the interplay between the two may result ın far-reaching discussions 
that can become the most important part of the whole 
communication. On the other hand, film and video are less user- 
friendly; text can easily be scanned by the reader to pick up what 
interests him, but scanning video is much less easy, is more time- 
consuming and cannot be done on the train! Furthermore, the written 
word survives for centuries, whilst we do not yet know how long 
electronic media can be made to last. 

The Wood Library-Museum is therefore making an important 
contribution. Cther institutions possess collections of memoirs in 
various media, whilst the Association of Anaesthetists of Great 
Britain and Ireland 1s currently sponsoring a series of videotaped 
interviews of senior anaesthetists. The relative shortness of the 
history of scientific anaesthesia makes it particularly suitable for the 
building up of a comprehensive archive and there is advantage in 
having a variety of material available for the reference of present 
and future historians. The inclusion of non-American authors is to 
be welcomed. It gives a more extensive view, for right from its 
beginnings anaesthesia developed differently throughout the world. 

The production is of high quality and happily the numerous 
misprints which marred previous volumes have been eliminated, 
whulst the inclusion of an index of abbreviations is helpful. 

A. K. Adams 


I Adams AK. Book Review. J Med Bog 1998; 6: 123-4 

2 Papper EM The palate of my mind. In: Fink BR (ed.). Careers in 
Anesthesiology. Autobiographical Memoirs. Volume l. Park Ridge, Ilinois. 
Wood Library-Museum of Anestheslology, 1997; 214-7 
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Erratum 











Hot air or full steam ahead? An empirical pharmacokinetic model of potent inhalational agents (BJA 2000; 84: 429-33) 


The last sentence of the first paragraph (page 429) was printed incorrectly. The sentence should read. So why do the pharmacokinetics 
of volatile anaesthetics at all? 


The publishers apologize for this error that arose during the copyediting process. 
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PC floppy disk with the file written in Word 6 for Windows. 
However, ıt is also possible to process disks submitted in 
other formats, provided sufficient information is supplied 


to enable conversion to the preferred format. Articles on 
disk should be prepared in the simplest possible form. 
Please do not use endnotes, footnotes, etc. for references. 
Correct fonts, type sizes, column measures, etc, will be 
added by the technical editor. 

Each of the four copies submitted must be accompanied 
by a complete set of figures. One set of figures must be 
unmounted glossy prints (see below); the three other sets 
may be photocopies. 

Manuscripts should be accompanied by a formal letter 
of request for publication which should be signed by all 
the authors. There should be a clear declaration of any 
financial or commercial interest which any author may 
have in the material. The Editor may wish to see raw data 
if necessary. 

Papers in recent issues of British Journal of Anaesthesia 
should be consulted for general and detailed presentation. 
They are most often subdivided into: 

Title page 

Summary, including Keywords 
Introduction (not headed) 

Methods 

Results 

Discussion 

Acknowledgements 

List of references 

Tables (including legends to tables) 
TLustrations 


Title page 


There should be a separate title page, including the name(s) 
and address(es) of all author(s). It should be made clear 
which address relates to which author. Authors’ present 
addresses differing from those at which the work was 
carried out, or special instructions concerning the address 
for correspondence, should be given and referenced at the 
appropriate place in the author list by superscript numbers. 
If the address to which proofs should be sent 1s not that of 
the first-mentioned author, clear instructions should be given 
in a covering note and not on the title page. The title page 
should be paginated as page 1 of the paper. 

A short running title containing not more than 50 
characters and spacing should be included. 


Summary 

The summary will be printed at the beginning of the paper. 
It should be on a separate sheet, in the form of a single 
paragraph which gives a succinct account of the problem, 
methods, results and conclusions, and normally should 
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be of 50-150 words. It may be used as it stands by 
abstracting journals. 

Three to five key words or phrases (for indexing) should 
be included below the summary. 


Introduction 


The introduction should give a concise account of the 
background of the problem and the object of the investi- 
gation. Previous work should be quoted only if it has a 
direct bearing on the present problem. 


Methods 


Methods must be described in sufficient detail to allow the 
investigation to be interpreted and repeated by the reader. 
Any modification of previously published methods should 
be described and the reference given. If the methods are 
commonly used, only a reference to the original source 
is required. 


Drugs 

When a drug is first mentioned it should be given the 
international non-proprietary name, followed in parentheses 
by the chemical formula only if the structure is not well 
known, and by the capitalized proprietary name. 


Results 


Description of results, while concise, should permit repeti- 
tion of the investigation by others. Data should not be 
repeated unnecessarily in text, tables and figures, and 
unwarranted numbers of digits should be avoided. Signific- 
ance should be given as values of probability. 


Discussion 


The discussion should not merely recapitulate the results, but 
should present their interpretation against the background of 
existing knowledge. It should include a statement of any 
assumptions on which conclusions are based. 


Acknowledgements 


Acknowledgements will be printed in small type. They 
should be brief, and should include reference to sources of 
support and sources of drugs not freely available commer- 
cially. Individuals named must be given the opportunity 
to read the paper and approve their inclusion in the 
acknowledgements, before the paper is submitted. 


References 


There should be a list of references at the conclusion of 
the paper, commencing on a new sheet. 

References must be numbered consecutively in the order 
in which they are first mentioned in the text, with the 
exception of review articles, when references should be 
arranged alphabetically. 


References in text, tables and legend should be identified 
by arabic numbers appearing in the text in superscript, for 
example > or >? or *<space>!° for unrelated references. 
When a table, figure is first mentioned, its reference must 
continue the sequence. 

Use the style of references adopted by the US National 
Library of Medicine and used in Index Medicus. The titles 
of journals should be abbreviated. 

The names and initials of more than six authors should 
be abbreviated to three authors followed by et al. 

Text references to ‘unpublished observations’ or ‘personal 
communications’ should not be included in the final list of 
references. Authors are responsible for verifying that the 
wording of references to unpublished work is approved 
by the persons concerned. Papers which have been 
submitted and accepted for publication should be included 
in the list, the phrase ‘in press’ replacing volume and page 
number. Information from manuscripts submitted but not 
yet accepted should be cited in the test as unpublished 
observations. 

Examples of correct forms of references: 

Journals: 


1 Brown BR jr, Gandolphi AJ. Adverse effects of volatile anaesthetics. 
Br J Anaesth 1987, 59: 14-23 


Chapter in a book: 

2 Hull CJ Opioid infusions for the management of postoperative pain 
In. Smith G, Covino BG, eds Acute Pain London: Butterworths, 
1985; 155-79 


Monographs: 
3. Moore, DC. Regional Block, 4th Edn. Springfield, [anois: Charles C 

Thomas, 1979 

Restrict references to those that have direct bearing on 
the work described and cite only references to books and 
articles published in Index Medicus journals. 

It is essential that authors verify the content and detail 
of references which they list against the original articles, 
as this responsibility cannot be accepted by either Editors 
or publishers. 


Tables 


All tables should be on separate sheets and be capable, 
with their captions, of interpretation without reference to 
the text. They should be numbered consecutively with 
Arabic numerals. Units in which results are expressed 
should be given in brackets at the top of each column, and 
not repeated on each line of the table. Ditto signs are not 
used. Footnotes are not used. 


Illustrations 


Photographs should be unmounted glossy prints, and should 
be protected adequately for mailing. Surfaces should not 
be marred with clips, pins or by heavy writing on the back. 
Drawings, charts and graphs should be in black indict ink 
on white paper and, if in sets, should be presented at 
a uniform magnification. Iustrations should be clearly 
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numbered on the back, preferably in soft pencil, with 
reference to the text, and using Arabic numbers. They 
should be accompanied on a separate sheet by a suitable 
legend. Lettering should be professional-looking, uniform, 
preferably in a common typeface, large enough to read at 
a reduced size, and in proportion to the illustrated material. 
Lines in the original must also be thick enough to allow for 
reduction. Magnifications, especially in photomicrographs, 
should be indicated by a scale on the photograph itself, in 
order to remain appropriate after reduction. Symbols which 
are to appear in the figure (and not in the legend) should 
be chosen from the following available types: 
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The names of the author and title of the paper should also 
be written in soft pencil on the back of the illustrations. 

It should be noted that A4-size figures generated by 
computer are usually unacceptable (see Extended Guide to 
Contributors—Br J Anaesth 2000; 84: 131-7). 


General information 


Instructions to the printer. Words to be printed in lowercase 
italics should be indicated by one underline. Two underlines 
indicate small capitals, three indicate large capitals and 
four, italic capitals. A wavy underline indicates a word to 
be printed in bold type. 


Headings in the text. Three possible grades are available, and 
may be indicated by the following letters of identification. 


A Results (bold) 
B Lung function studies (italics, ranged left) 
C Volume. Large volumes .. . (italics, ranged left, text run on) 


Symbols and abbreviations. In accordance with Editorial 
adoption of SI units, abbreviations and symbols should 
follow the conventions described in the booklet Units, 
Symbols and Abbreviations. A Guide for Biological and 
Medical Editors and Authors (D. N. Baron, ed.) (1988), 
published by and available from The Royal Society of 
Medicine, 1 Wimpole Street, London W1M 8AE. Words 
for which abbreviations are not included should be wnitten 
in full at first mention in the summary and again in the text 
and followed by the abbreviation in brackets. This will 


usually be in the form of large capitals without separating 
points. 

Spelling, etc. British spelling should be used with ‘z’ 
rather than ‘s’ spelling in, e.g. organize, organization. 


Short communications 


Authors are encouraged to submit short manuscripts suitable 
for rapid publication. In general, these should conform to 
the requirements outlined above, but with the following 
differences: 

Format. Summary; Introduction (not headed); Methods and 
results; Comment. 

Size. Not more than 6 references, 1 table or 1 figure, one- 
and-a-half pages of printed text (1200 words). 


Correspondence 


Each issue of the journal will contain correspondence 
Correspondence arising from papers m a recent issue is 
published without delay, and for this reason, will be given 
priority over that pertaining to original research. The Editor 
may change, delete or modify in any way all items of 
correspondence. 

All communications designed for publication should be 
submitted on a separate page in letter quality heavy type 
(not dot matrix), double-spaced, on one side only of the 
paper, with a wide margin. Contributors should send three 
copies of all correspondence to the editor and retain a copy 
in case of loss. Correspondence may also be submitted on 
disk. All authors must sign the accompanying submission 
letter. 


Proofs 


These should be corrected and returned to the publisher by 
post or fax within 48 h of receipt. Overseas contributors 
may fax a copy of the proofs to the publisher but should 
return their proofs by air mail also. 


Reprints 

Corresponding authors will receive a copy of the journal 
in which their article appears. Offprints can be supplied if 
application is made on the order form attached to the proofs. 
The order form should be returned with the proofs. 


IMPORTANT NOTICE TO AUTHORS 


The British Journal of Anaesthesia has implemented a change in reference style. We retain 


the Vancouver style, but the journal name is now abbreviated, only the change in the last 
page number is given and no full stop ends the reference (i.e. Br J Anaesth 1998; 81: 
232-9) 
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Gilbert Park, Director of Intensive Care, and Consultant Anaesthetist, Addenbrooke’s 
Hospital, Cambridge, Barbara Fulton, Consultant in Anaesthesia and Intensive Care, 
Newcastle General Hospital, Newcastle upon Tyne, and Siva Senthuran, Consultant 
Anaesthetist, Addenbrooke’s Hospital, Cambridge 





e Clear, concise guidelines for managing any acute pain problem 
e Written for junior doctors and nursing staff 

¢ Fully up-to-date with latest drug treatments 

e Authoritative guide from leading experts in pain relief 





Caring for patients with acute pain problems can present a considerable challenge to junior 
doctors and nursing staff. Too often, the problems are inappropriately managed, resulting in 
the patient suffering unnecessary pain. The Management of Acute Pain provides simple, practical 
guidelines for those who prescribe and administer drugs for acute pain relief, particularly jun- 
ior medical and nursing staff. The new edition has been extensively revised to take account of 
drug developments in recent years. Featuring easy to follow flowcharts, and clear concise de- 
scriptions, the book will be a valuable reference for House officers, SHO’s, physiotherapists, 


From reviews of 1st edition: 

‘This book possesses the qualities of being practical, easy to read and relevant to virtually all medical 
nursing staff. It should be made widely available on wards and in departments.’ 

- Postgraduate Medicine Journal 





Contents: 

Why is pain control a problem?; What is pain?; Why treat pain?; Psychological aspects of acute pain; 
Principles of analgesic drug administration; Opioid pharmacology; Useful opioid analgesic drugs; Intra- 
muscular administration of analgesics; Opioid infusions; Patient-controlled analgesic (PCA) systems; 
Inflammation and non-steroidal anti-inflammatory drugs; Pharmacology of local anaesthetic agents; 
Local anaesthetic techniques; An introduction to epidural and spinal analgesia; Spinal anaesthesia; 
Epidural anaesthesia; Epidural and intrathecal opioids; Inhalational techniques and alternative thera- 
pies; Antiemetic drugs; Pain control in special situations; The acute pain service; Case studies in pain 
management; Suggested additional reading; Index. 


Paperback = order tel +44 (1536) 454534 
0-19-262467-9 fax +44 (1536) 454518 


£21.95. 
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The long-awaited second edition of the Oxford Textbook of Surgery is a unique atte: 
tion to the field. It not only provides a comprehensive and authoritative reference on all 
aspects of general surgery, but also offers substantial sections on subspecialties such as 
orthopedics, pediatric surgery, neurosurgery, and cardiac surgery. It has been designed 
and written by an international faculty for specialist and trainee surgeons working in any 
part of the world. Key sections, written by world authorities, include those on endoscopic 
surgery, surgical nutrition, response to injury, the design and interpretation of clinical 
trials, causes of cancer, vascular surgery, and the selection of surgical trainees. 
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For this new edition, the unique, full-colour design of the Textbook has been thoroughly up- 
dated and enhanced. There are major new sections on, for example, molecular biology and 
evidence-based surgery. Almost all the other sections have been rewritten by new contribu- 
tors or heavily revised to reflect new Cee ala and allan in the field. 
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The Oxford Textbooks have found their way onto the shelves of clinics, libraries, and hospi- 
tal departments the world over. They have earned praise for their careful integration of 
basic science and the best of clinical practice, their international focus, and not least their 
exhaustive coverage. Like many other Oxford Textbooks, this new edition of the Oxford 
Textbook of Surgery emphasizes a humane approach, providing chapters on counselling 
‘bereaved relatives, sl relief, and the care of the dying. 
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Edited by Anthony Nicholls, Consultant Physician/Nephrologist, and 
lain Wilson, Consultant in Anaesthetics and Intensive Care, both at the 
Royal Devon and Exeter Hospital, Exeter 


e Ahandbook offering guidelines on managing those surgical patients with underlying 
‘medical problems 

e Guidelines are concise, didactic, and easily accessible 

e An essential book for junior surgeons and anaesthetists 


Many patients undergoing surgery have a chronic medical disorder unrelated to the surgical problem. These 
can present major difficulties for inexperienced surgical house staff and junior anaesthetists working 
unsupervised, most of whom will have had little or no experience in dealing with such problems. 
Perioperative Medicine provides practical guidelines on the management of all the common medical 
conditions likely to be encountered in routine surgical and anaesthetic practice. 


The first section addresses a range of general issues that can arise on surgical wards when patients with 
complex medical problems are being prepared for operation, such as obtaining informed consent. The book 
then provides simple protocols for the safe care of patients with underlying medical problems on surgical 

- wards, with special focus on the risks that various conditions pose for surgery and anaesthesia. The third part 
of the book looks at the diagnosis and management of medical complications in the post-operative period. 
References for further reading are provided throughout. 


This will prove an essential book for Junior surgeons and anaesthetists to keep with them at all times. 


CONTENTS: 

Introduction; Why we use guidelines; What about evidence-based protocols? 

Part 1: Medical issues In perioperative care; Risk management, NCEPOD; The ASA 
classification of perioperative nsk Preparing patients for elective and emergency 
surgery; Day surgery; Patient consent; Resuscitation decisions; Preoperative 
optimisation of high-risk patients; Postoperative care after major surgery; The td 
prophylaxis of venous thromboembolism; The management of acute pain; 

Postoperative nausea and vomiting; Fluid balance; Prevention and management of Call our credit 
infection in the surgical patient Nutritional support; Universal precautions against j A 
blood-borne viruses; Medical causes of the acute abdomen; Principles of card hotline now! 
physiotherapy, Palliative care; Teamwork on the surgical ward; 








Part 2: Care of surgical patients with chronic medical disorders; Cardiovascular 

disorders; Respiratory disorders; Endocrine and metabolic disorders; Renal disorders; tel +44 (1 536) 454534 
Neurological disorders; Bone and joint disorders; Gastroenterological disorders; fax +44 (1536) 454518 
Haematological disorders; The geriatric patient; Alcohol intoxication and chronic 

alcoholism; Misuse of drugs; . J 

Part 3: Medical emergencles In surgical patients; Recognising and managing Purchase on-line via the 
seriously ill patients; Cardiorespiratory arrest; Hypotension; Chest pain; Uncontrolled OUP website 
postoperative hypertension; Cardiac arrhythmias; The breathless patent; 

Haemoptysis, Oliguria and renal failure; Electrolyte imbalance; Postoperative http:/ /www.ou p.co.u k 


diarrhoea; Drowsiness, coma, and delirium; Postoperative seizures; Headache in 
surgical patients; Fever, The swollen leg; Perioperative prescnbing information. 
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| An evidence-based 


resource for pain relief 





Henry McQuay, Clinical Reader in Pain Relief 
Pain Research Unit, University of Oxford, and 
Andrew Moore, Consultant Biochemist, Pain 
Research Unit, University of Oxford 


e The first ‘evidence-based’ guide to effective 
pain treatments 
e Written by internationally renowned 
experts in the field 
e Provides invaluable information for all specialists 
working in pain relief 





Evidence-based medicine (EBM) is the conscientious, explicit, and sensible use of the current best evi- 
dence in malang decisions about the care of individual patients. The practice of EBM requires the integra- 
tion of indrvidual clinical expertise with the best available external clinical evidence from systematic 
research. The techniques of evidence-based medicine now allow us to compare how well different pain 
relief interventions work for the same condition. An Evidence-based Resource for Pain Relief is first book of its 
kind to bring together the reviews of these trials, examining the evidence for the effectiveness of many of 
the interventions commonly used in pain relief. The book begins with a section on EBM methodology, 
including information on how to assess the evidence, how to find the papers, criteria by which to judge 
them, what data to extract, and how to then handle that data. The book is then divided into two main 
sections - acute pain and chronic pain, with each section presenting extensive reviews of many common 
treatments for managing pain, particularly drugs. The book will be valuable for the multi-disciplinary 
professionals managing- acute and chronic pain in primary and secondary care, and for those commission- 
ing that care. The lessons learned about design and conduct of clinical trials will help also those research- 
ing new and better treatments. The approach may be applicable to other fields which use subjective 
outcomes. 


Contents: Introduction; Methods; Finding all the relevant trials; Judging the quality of trials; Pain measurement: study design and validity, 
Estimating relative effectiveness; Combining data and interpreting the results; Existing systematic reviews; Acute Pain; Introduction; Oral 
Ibuprofen and diclofenac in postoperative pain; Comparing analgesic efficacy of non-steroidal anti-inflammatory drugs given by different 
routes in acute and chronic pain; Topically applied non-steroidal anti-inflammatory drugs; Injected morphine in postoperative pain; 
Dihydrocodiene in postoperative pain; Dextropropoxyphene in postoperative pain; Single patient data meta-analysis of 3,453 postoperative 
patients: oral tramadol versus placebo, codtene, and combination analgesics; Pain relief from intra-articular morphine after knee surgery; 
Analgesic efficacy of peripheral opioids; Pre-emptive analgesia: a systematic review of clinical studies to 1994; Trancutaneous Electrical Nerve 
Stimulation in Acute Postoperative Pain; TENS in labour pains; Acute pain - conclusion; Chranic Pain; Introduction; Radiotherapy for painful 
bone metastases; Transcutaneous Electrical Pain stimulation In chronic pain; Intravenous regional sympathetic blockade for reflex sympa- 
thetic dystrophy, Epidural corticosteroids for sciatica; Spinal cord stimulators for back pain; Steroid injections for shoulder disorders; Anticon- 
vulsant drugs; Antidepressants in neuropathic pain; Systemic local anaesthetic type drugs in chronic pain; Topical capsaicin; Chronic pain 
conclusion. 
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For the symptomatic 
treatment of osteoarthritis 


VIOXX'V 

(rofecoxib) 

ABRIDGED PRODUCT 
INFORMATION 


Refer to Summary of Product Characteristics before prescribing 
PRESENTATION 

VIOXX Tablets: 12.5 mg and 25 mg tablets cach containing 12,5 mg or 
25 mg of rofecoxib 

VIOXX Oral Suspension: 12.5 mg/5 mi and 25 mg/5 ml, each 5 ml oral 
Suspension containing either 12.5 mg or 25 mg of rofecoxib. 

USES 

Symptomatic relief in the treatment of osteoarthritis 

DOSAGE AND ADMINISTRATION 

The adult starting dose is 12.5 mg once-daily orally with or without 
food. Some patients may receive additional benefit by increasing the 
dose to 25 mg once-daily. 25 mg daily should not be exceeded 
Elderly; Exercise care when increasing the dose from 12.5 mg to 25 me 
Hepatic insufficiency: \n mild hepatic insufficiency, do not exceed 
12.5 mg once-daily 

Children: Not recommended. 

CONTRA-INDICATIONS 

Hypersensitivity to any excipient of this product. Active peptic 
ulceration or gastro-intestinal (GI) bleeding. Moderate or severe hepatic 
dysfunction (Child-Pugh score 27). Estimated creatinine clearance 
<30 ml/min. Patients who have developed asthma, acute rhinitis, nasal 
polyps, angioneurotic oedema or urticaria after aspirin or other NSAIDs 


Third trimester of pregnancy and lactation. Inflammatory bowel disease 
Severe congestive heart failure 

PRECAUTIONS 

Consider monitoring renal function in patients with pre-existing 
significantly impaired renal function, uncompensated heart failure, or 
cirrhosis 

Use caution when initiating treatment in patients with considerable 
dehydration. Rehydrate patients prior to starting therapy with rofecoxib 
Consider the possibility of fluid retention and exercise caution when 
rofecoxib is used in patients with pre-existing oedema, a history of heart 
failure, left ventricular dysfunction or hypertension 

Maintain appropriate supervision when treating the elderly or patients 
with renal, hepatic or cardiac dysfunction with rofecoxib. 

In clinical studies, some osteoarthritis (OA) patients treated with 
rofecoxib developed perforations, ulcers or bleeds (PUBs), Patients with 
a prior history of a PUB and patients greater than 65 years of age 
appeared to be at a higher risk for a PUB 

At daily doses higher than 25 mg, the risks of gastro-intestinal symptoms, 
oedema or hypertension are increased 

Elevations of ALT and/or AST (23 times the upper limit of normal) 
have been reported in approximately 1% of patients in clinical trials 
with rofecoxib 

Any patient with symptoms and/or signs suggesting liver dysfunction, 
or in whom an abnormal liver function test has occurred, should be 
evaluated for persistently abnormal liver function tests. If persistently 
abnormal liver function tests (three times the upper limit of normal) 
are detected, discontinue rofecoxib. Rofecoxib may mask fever. 

Use of rofecoxib is not recommended in women attempting to 
conceive 





Interactions (pharmacodynamic): Warfarin: closely monitor the 
prothrombin time when therapy with rofecoxib is initiated in patients on 
warfarin therapy. ACE-inhibitors: administration of 25 mg daily of 
rofecoxib with benazepril, 10 mg to 40 mg daily for four weeks to 
patients with hypertension was associated with a small attenuation of 
the antihypertensive effect compared to the ACE inhibitor alone. This 
should be considered in patients taking rofecoxib concomitantly with 
ACE inhibitors. Beta-blockers and diuretics: concomitant use of 
NSAIDS may reduce the antihypertensive efficacy of beta-blockers and 
diuretics and the other effects of diuretics. Aspirin: at Steady state 
rofecoxib 50 mg once-daily had no effect on the anti-platelet activity of 
low-dose (81 mg once-daily) aspirin. Avoid concomitant administration 
of rofecoxib with higher doses of aspirin or other NSAIDS 
Cyclosporin/tacrolimus: monitor renal function when rofecoxib and 
either cyclosporin or tacrolimus is used in combination 

Interactions (pharmacokinetic): Lithium; NSAIDS may increase 
plasma lithium concentrations. Methotrexate: consider adequate 
monitoring for methotrexate-related toxicity when rofecoxib and 
methotrexate are administered concomitantly. CYP/A2 substrates 
exercise care with concomitant administration of rofecoxib with drugs 
primarily metabolised by CYPIA2 (e.g. theophylline, amitriptyline, 
tacrine and zileuton). Midazolam: a modest 30% reduction of the AUC 
of midazolam was seen with rofecoxib 25 mg daily, most likely due to 
increased first pass metabolism through induction of intestinal CYP3A4 
activity by rofecoxib. CYP344 substrates: in spite of a modest induction 
of intestinal CYP3A4 activity, the pharmacokinetics of drugs 
metabolised primarily by CYP3A4 are not expected to be affected to a 
clinically significant extent. However exercise care when co-prescribing 
substrates of CYP3A4 with rofecoxib. Rifampicin: co-administration of 
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rofecoxib with rifampicin, a potent inducer of CYP enzymes, produced 
an approximate 50% decrease in rofecoxib plasma concentrations. 
Therefore, consider the use of the 25 mg dose when rofecoxib is used 
with potent inducers of hepatic metabolism, 

Based on in vitro data, rofecoxib is not expected to inhibit cytochromes 
P450, 2C9, 2C19, 2D6 or 2E1, 

Pregnancy: Do not use in the last trimester of pregnancy, because like 
other prostaglandin synthesis inhibitors rofecoxib may cause uterine 
inertia and premature closure of the ductus arteriosus, Rofecoxib should 
not be used during the first two trimesters of pregnancy unless the 
benefit to the patient outweighs the risk to the foetus 

Lactation: contra-indicated. 

SIDE EFFECTS 

The following drug-related undesirable effects were reported at an 
incidence greater than placebo in clinical studies in patients treated 
with rofecoxib 12.5 mg or 25 mg for up to six months. 

Common (>1/100, <1/10) 

Oedema/fluid retention, abdominal pain, dizziness, hypertension, 
heartburn, epigastric discomfort, diarrhoea, nausea, dyspepsia, 
headache, pruritus. 

Uncommon (>1/1000, <1/100) 

Asthenia/fatigue, abdominal distension, chest pain, constipation, oral 
ulcer, vomiting, digestive gas symptoms, acid reflux, tinnitus, weight 
gain, muscular cramp, insomnia, somnolence, vertigo, depression, 
mental acuity decreased, dyspnoea, rash, atopic dermatitis 

In addition, mild hypersensitivity reactions have been reported rarely. 
The undesirable effect profile was similar in patients treated with 
rofecoxib for one year or longer. 
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Selective. Strong. Simple. 


Laboratory adverse experiences 

Common (>1/100, <1/10): alanine aminotransferase increased, 
haematocrit decreased, aspartate aminotransferase increased 
Uncommon (>1/1000, <1/100): BUN increased, haemoglobin 
decreased, serum creatinine increased, alkaline phosphatase increased, 
proteinuria, erythrocytes decreased, leukocytes decreased 

Serious side effects associated with the use of NSAIDs 

The following serious undesirable effects cannot be ruled out for 
rofecoxib: nephrotoxicity including interstitial nephritis, nephrotic 
syndrome and renal failure; hepatotoxicity including hepatic failure 
and hepatitis; gastro-intestinal toxicity including perforation, ulceration 
and bleeding: volume overload related toxicity including cardiac 
failure and left ventricular failure; cutaneo-mucosal adverse effects, 
severe skin reactions including anaphylactic/anaphylactoid reactions 
PACKAGE QUANTITIES AND BASIC NHS COST 

Tablets 12.5 mg and 25 mg: packs of 28 tablets: £21.58 

Oral Suspension 12.5 mg/S ml and 25 mg/5 mi: bottles of 150 ml: £23.12 
Marketing Authorisation numbers 


Tablet 12.5 mg PL 0025/0383 


Tablet 25 mg PL 0025/0384 
Oral Suspension 12.5 mg/5 ml PL 0025/0385 
Oral Suspension 25 mg/5 ml PL 0025/0386 


Marketing Authorisation holder 

Merck Sharp & Dohme Limited 

Hertford Road, Hoddesdon, Hertfordshire EN11 9BU, UK 

Date of review: May 2000. 

® denotes registered trademark of Merck & Co., Inc., Whitehouse 
Station, NJ, USA. 

© Merck Sharp & Dohme Limited 2000. All rights reserved 
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ESMERON 


Presentation: 10 mg/ml rocuronium bromide in 5ml or 10m} vials as 
an aqueous solution for injection. Other ingredients: sodium acetate, 
sodium chloride, acetic acid to pH 4 and water for injections. 

Uses: As an adjunct to general anaesthesia to facilitate endotracheal 
intubation during routine and rapid sequence induction, to provide 
skeletal muscle relaxation, during surgery. Esmeron is also indicated as 
an adjunct in the intensive care unit (ICU) to facilitate intubation and 
mechanical ventilation. 

Dosage and administration: Esmeron is administered intravenously 
as a bolus or as an infusion, See Summary of Product Characteristics 
for compatibilities. 

Dosage is individualized taking into account method of anaesthesia, 
duration of surgery, possible interactions with other drugs and the 
patient's condition. Routine use of appropriate neuromuscular 
monitoring technique is recommended. 

In adults: For short to long lasting surgical procedures: 

Intubation: 0.6 mg / kg, Rapid sequence induction 1.0mg/kg, 
Maintenance dose: 0.15 mg/kg, (reduce to 0.075mg - 0.1mg/kg for 
Long-term inhalationa! anaesthesia). 

Continuous infusion: Loading dose 0.6 mg/kg, then infusion rate 0.3 
- 0.6 mg/kg/hour or under inhalational anaesthesia 0.3 - 0.4mg/kg/nr. 
Continuous monitoring of block is essential. 

(See Summary of Product Characteristics for advice for intensive care 
procedures, children, elderly, cirrhotic and overweight patients). 
Contraindications Previous anaphylactic reactions to rocuronium or the 
bromide ion. 

Precautions and warnings: Use under the supervision of experienced 
clinicians familiar with neuromuscular monitoring techniques. Ventilation 
is mandatory until adequate spontaneous respiration is restored. Dose 
levels above 0.9 mg/kg may increase heart rate which could counteract 
bradycardia produced by other anaesthetic agents or vagal stimulation. 
Hepatic and/or biliary tract disease, renal failure, prolonged circulation 
time and neuromuscular disease hypothermia and obesity may influence 
the effects of Esmeron. Severe electrolyte disturbances, altered blood 
pH or dehydration should be corrected when possible. Clinicians should 
be aware of the signs and symptoms of malignant hyperthermia 
Effect on ability to drive or use machines: Using potentially 
dangerous machinery or driving are not recommended within 24 hours 
of full recovery. 

Use in pregnancy and lactation: Esmeron should be given to 
pregnant or lactating women only when the benefits outweigh the risks. 
Dose in Caesarean section: 0.6mg/kg. 

Side effects: Anaphylactic reactions are very rarely seen. No clinically 
significant tachycardia, hypotension or other clinical signs of histamine 
release have been reported. 

Interactions: Other drugs may influence the effects of non-depolarizing 
NMBA’s, including anaesthetics, other NMBA’s, antibiotics and 
suxamethonium, diuretics, (adrenergic blocking agents. See Summary 
of Product Characteristics for details. 

Overdose: The patient should continue to be ventilated. When reversal 
fails ventilation must be continued until spontaneous breathing occurs. 
Other Information: A dose of 0.6 mg/kg provides adequate intubation 
conditions within 60 seconds in nearly all patients, with a clinical 
duration of 30-40 minutes. General muscle paralysis is established 
within 2 minutes. 

Package quantities: 50mg/5m! (12 vials) 100 mg/10ml (10 vials). 
NHS Prices 50mg x12 vials - £38.78 100mgx10 vials - £64.63 Legal 
Category POM Product Licence Number 3524/0025 

Further information is available from Organon Teknika Limited, 
Cambridge Science Park, Milton Road, Cambridge CB4 OFL 
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organ teknika Boseind 15, 5201 RM Boxtel, The Metherdonds, te! +37 (0) 411 6549 11, fox 431 (0) 411 65 4201 
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M.E.R.LT. Centre Bradford Royal Infirmary, 
Bradford, UK — One day course in Spinal 
Endoscopy 


Bradford, UK, 2000, September 15, 2000 and October 
27, 2000 


One day course with lectures, practical equipment demon- 
strations and observation of the technique in patients. Course 
material includes a comprehensive, practical guide to all 
aspects of the technique. Instrumentation is state-of-the-art, 
and it is anticipated that upon completion delegates will be 
in a position to consider setting up such a service in their 
own locality. On-going training will be offered. 

Of interest to all those involved in the management and 
investigation of patients with back pain and sciatica as well 
as those involved with central neural blocks. Numbers of 
delegates strictly limited. Lunch will be provided. 


For further information please contact: 


Dr Jonathan Richardson, MERIT Centre, Bradford Royal 
Infirmary, Bradford, BD9 6RJ. 


Tel: +44 1274 364271/364253: Fax: +44 1274 366811; 
E-mail: merit.centre @ mail.bradh-tr/northy.nhs.uk 


Therapeutic Applications of Leukocyte 
Filtration 
London, July 7, 2000 


The Hammersmith Hospital, Imperial College, London, UK, 
is pleased to stage a one-day workshop. This prestigious 
meeting is being organized by Professor Ken Taylor and 
Dr Terry Gourlay who have invited a guest panel of 
international speakers. 

Topics presented include: Angioplasty Therapy for Acute 
Myocardial Infarction with Leukocyte Filtration; Filtration 
of Malignant Cells using Leukocyte Filtration on Cardio- 
pulmonary Bypass; Leucofiltration of Cell Salvaged Blood; 
Techniques and Timing of Systemic Leukocyte Filtration on 
Cardiopulmonary Bypass; Leukocyte Depletion in Vascular 
Surgery; Leukocyte Tactics and Improved Patient Outcome 
After Extracorporeal Circulation; Leukocyte Filtration in 
Paediatric Cardiac Surgery; Systemic Leukocyte Filtration 
during Cardiopulmonary Bypass; Effects of Leukocyte 
Filtration of Blood Transfusion on Postoperative Complica- 
tions: The Therapeutic Benefit of Depleting Blood Poly- 
morthonuclear Cells from Patients with SIRS; Role of 
Leukodepletion in SIRS. 


Abstracts are invited for poster presentations at this work- 
shop. Abstract forms are available from the conference 
centre (address below). Prizes will be awarded to the best 
three abstracts. 


Further details and registration forms are available from: 
Jean Bryant, Manager, Wolfson Conference Centre, Imperial 
College of Science, Technology and Medicine, Ham- 
mersmith Hospital, Du Cane Road, London W12 ONN, UK. 
Tel: +44 (0) 208 383 3117; Fax: +44 (0) 208 383 2428; 
E-mail: wee @rpms.ac.uk 


Edinburgh Anaesthesia Festival 

Edinburgh, August, 23-25, 2000 

Organized by the Department of Anaesthetics, Royal 
Infirmary of Edinburgh, to coincide with the 2000 Edinburgh 
International Festival of the Arts. The 3-day programme 
consists of lectures and discussion on current topics in 
anaesthesia, The lecturers are from all parts of the United 
Kingdom and represent leading opinions in their field. 

For further information: Edinburgh Anaesthesia Festival, 
University Department of Anaesthetics, Royal Infirmary, 
Lauriston Place, Edinburgh EH3 9YW. Tel: +44 131 536 
3652; Fax: +44 131 536 3672; E-mail: anaes@ed.ac.uk 


The Fifth Annual Symposium of the 
Association for Low Flow Anaesthesia 
Ulm/Neu-Ulm/Germany, September 8-9, 2000 

For further information, please contact: 

Priv. Doz. Dr Uwe Schirmer, Priv. Doz. Dr Thomas Marx, 
Department of Cardiac Anaesthesia, University of Ulm, 
Steinhévelstr. 9. D-89075 Ulm, Germany. 

Tel: +49 731 5021521; Fax: +49 731 5026757; e-mail: 
alfa2000@gmx net; congress homepage http://www.uni- 
ulm.de/alfa2000. 


Annual Scientific Meeting in Anaesthesiology 
2000 
Hong Kong, September 8~10, 2000 


We have great pleasure to advise you that the captioned 
Meeting will be held on 8-10 September 2000 at the 
Sheraton Hong Kong Hotel and Towers, 


Provisional Scientific Programme. Airway Workshop (Prof. 
David Chung); Regional Anatomy, Workshop for Regional 
Blocks (Prof. Phillip Bridenbaugh); Evidence Based Medi- 
cine Workshop (Dr. Florence Yap and Dr. Gavin Joynt); 
Keynote Lectures: Perioperative Medicine — International 
Perspective (Chairman: Dr T. W. Lee) (Prof. Phillip 
Bridenbaugh); (Prof. Mathieu Gielen); (Dr Neil MacIntyre) 


Panel Discussion: Medical Liability vs Litigation (Chair- 
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man: Dr T. W. Lee) (Mr Douglas Jones and Mr Chris 
Howse). Debates (Chairman: Dr C. T. Hung) (Prof. Michael 
Irwin and Prof. Warwick Ngan Kee vs Dr Phoebe Mainland 
and Dr Eddie Cheam); ICU Workshop Weaning from 
Ventilator (Dr Neil MacIntyre). 


Keynote lectures: Perioperative Medicine-—-International 
Perspective Chairman: Dr T. W. Lee. The Road Ahead— 
Anaesthesiologist as Perioperative Physician (Prof. Phillip 
Bridenbaugh),; Lung Protective Ventilatory Strategies (Dr 
Neil MacIntyre); Perioperative Pain Management—Com- 
fort, Care and Cure (Prof. Mathieu Gielen). 


Plenary session I. Test No Test? (Prof. Michael Irwin); 
Premedication—In or Out (Dr Jeffrey Kua); Perioperative 
Haemodynamic Goals (Dr Gavin Joynt). 

Plenary session II. Preemptive Analgesia: Fact or Fallacy 
(Prof. Phillip Bridenbaugh); Anaesthetic Techniques—A 
Look into the Future (Prof Tony Gin); Continuous Spinal 
Anaesthesia—Is There a Role in Anaesthesia and Postopera- 
tive Analgesia (Prof. Mathieu Gielen). 


Plenary session II. Chairman: Prof. Tom Buckley. Evalu- 
ation and Management of Postoperative Respiratory 
Insufficiency (Dr Neil MacIntyre); Acid-Base Secrets 
(Dr lan Tan); Post-Anaesthetic Care—-How Far Should We 
Go? (Dr C. T. Hung). 

Refresher Course topics include: New Analgesic Agents 
(Dr S. L. Tsui); Anaesthesia for Cerebral Aneurysm Surgery 
(Dr Sathasivam Anandaciva); Advances in Clinical 
Measurement (Dr James Derrick); Paediatric Anaesthetic 
Emergencies (Prof. Cindy Aun); Day Case Anaesthesia 
(Dr Gwen Fok); Physiology of Consciousness (Prof. 
Michael Irwin): Spinal Anaesthesia for Day Surgery (Prof. 
Mathieu Gielen); Clinical Pharmacokinetics (Prof. Tony 
Gin); Anaesthesia for High-Risk Parturients (Prof. Warwick 
Ngan Kee); Physiology of Pregnancy (Dr K. K. Lam); 
Anaesthesia for Thoracic Aneurysms (Dr Das); and TEE 
(Dr Peter Hiong) 


For further information please contact Ms Melissa Leung 
of the Federation of Medical Societies of Hong Kong. Tel: 
(852) 2527 8898; Fax: (852) 2866 7530 


XIX Annual Congress of the European 
Society of Regional Anaesthesia Joint Annual 
Congress with EuroPain 8th European 
Conference on Pain Research 

Rome, Italy, September 20-23, 2000 

The congress will be held in the Sheraton Hotel. 

Abstract deadline is June 1, 2000. 

Por further information, please contact: 


Options Eurocongress, Ms Dionne Bosma, Rue Washington 
129, B-1050 Brussels, Belgium. 


Tel: +32 2 346 5643; Fax: +032 2 346 5435: 
E-mail: dionne @ options.com.cy 


Collaborative Conference between 
Bournemouth University and Salisbury 
Health Care NHS Trust 

Salisbury, UK, September 21, 2000 

Day Surgery Conference at Salisbury District Hospital, 
For further information please contact: Sam Williams, 
Administrative Assistant, IHCS, Bournemouth University, 


Royal London House, Christchurch Road, Bournemouth, 
BHI 3LT. Tel: +44 (0)1202 504196 


Refresher Course in Anaesthesiology 
Durban, South Africa, September 22-23, 2006 


For further information contact: Congress Office, Depart- 
ment of Anaesthesia, University of Natal. Private Bag 7, 
Congella 4013, Durban, South Africa. Tel/Fax: +27 3] 
260 4472; E-mail: maliti@med.und.ac.za Website: http:// 
www.und.ac.za/med/anaesth/sasa2001 him! 





Second All Africa Anaesthesia Congress in 
conjunction with the National Congress of 
the South African Society of 
Anaesthesiologists 


Durban, South Africa, September 23-27, 2000 


For further information contact: Congress Office, Depart- 
ment of Anaesthesia, University of Natal, Private Bag 7, 
Congella 4013, Durban, South Africa. Tel/Fax: 31 
260 4472; E-mail: maliti@med.und.ac.za Website: hup 
www.und.ac.za/med/anaesth/sasa200 | htm) 





Surfactant 2000 

From Trier to Basle September 23-29, 2000 

This is an international floating congress on the rivers 
Mosel and Rhine. All aspects of surfactant (basie science/ 
clinical applications) will be addressed, 

For further information, please contact: 

Dr B. Lachmann, Department of Anesthesiology, Erasmus 
University Rotterdam, Postbox 1738, 3000 DR Rotterdam, 
The Netherlands. 

Web site: http://www. floating-congress.vet.uuni 


13th Annual Congress of the European 
Society of Intensive Care Medicine 

Rome, Italy, October 1-4, 2000 

For further information, please contact: 

ESICM Congress Secretariat, 40 Avenue Joseph Wybran, 
B-1070 Brussels, Belgium. 

Tel: + 32 2 559 0355; Fax: +32 2 527 0060: E-maik 
public @esicm.org; Internet http://www.esiem.org 
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Dingle 2000 — Current Controversies in 
Anaesthesia and Perioperative Medicine 
Dingle, County Kerry, Ireland, October 4-8, 2000 


University College London Hospitals Centre for Anaesthesia 
announce a call for abstracts: there is an opportunity to 
submit work for poster presentation and selected finalists 
will be invited to give an oral presentation (prizes totalling 
£1000). Any research is acceptable provided it has not been 
published in any peer reviewed journal by the abstract 
deadline of 30 June 2000. 


For further abstract and meeting registration details please 
contact: 


Dr Monty Mythen, Centre for Anaesthesia, Room 103, Ist 
Floor Crosspiece, Middlesex Hospital, Mortimer Street, 
London, WIN 8AA, UK. 


Tel: +44 20 7380 9477; Fax: +44 20 7580 6423; 
E-mail: uch.acru @ btinternet.com 


European Academy of Anaesthesiology 
European Diploma in Anaesthesiology and 
Intensive Care 

Part I (MCQ), October 7, 2000 


(Endorsed by the European Board of Anaesthesiology (EBA) 
of the Union of European Medical Specialists (UEMS) 


This examination will be held in English, French, German, 
Italian and Spanish in Athens, Barcelona, Berne, Budapest, 
Cluj-Napoca, Göttingen, Liège, Ljubjlana, London, Lund, 
Moscow, Oslo, Paris, Poznan, Riga, Rome, Tel Aviv, 
Uppsala and Vienna. 

Regulations and application forms are available from: 


Examinations Manager, European Academy of Anaesthesi- 
ology, London House, 243 Lower Mortlake Road, Rich- 
mond, Surrey TW9 2LS, UK. 

Tel: +44 (0)208 940 6240; Fax: +44 (0)208 940 6262; E- 
mail: DEAA@compuserve.com; Home page: hitp://eaa- 
web.eu.org 


The closing date for receipt of applications is May 31; 2000 
(fee: £170) 
Applications received after the closing date or un- 
accompanied by the full fee cannot be accepted and will 
be returned. 


Wood Library-Museum’s Quadrennial 
Laureate of the History of Anesthesia Prize 


Members of the Editorial team of the BJA are pleased to 
announce that, Dr Thomas B. Boulton (UK) and Dr Norman 
A. Bergman (USA) are to be awarded the Wood Library — 
Museum’s quadrennial Laureate of the History of Anesthesia 
Prize at the annual meeting of the American Society of 
Anesthesiologists in October 2000, in San Francisco. 


We offer our hearty congratulations to Dr Boulton, and to 
the family of Dr Bergman, who unfortunately died recently. 


Haemostasis and Transfusion—Perioperative 
Management in Elderly Patients 

Graz, Austria, October 27 and 28, 2000 

This symposium has been organized by the Department of 
Anaesthesiology and Intensive Care Medicine, University 
of Graz and Department of Anaesthesiology, University 
of Munich. 

The preliminary programme includes: haemostasis and 
transfusion, and perioperative management in elderly 
patients. 

For further information contact: M. Neuray/G. Taucher, 
Department of Anaesthesiology and Intensive Care Medi- 
cine, LKH-Universitatskinikum Graz, Auenbruggerplatz 29, 
A-8036 Graz, Austria. Tel: +43 316 385 3027; Fax: 
+43 316 385 4664; E-mail: haemostasis @kfunigraz.ac.at. 
www.kfunigraz.ac.at‘uanwww/haemostasis.htm 


St Bartholomew’s Hospital Choral Society 
Royal Albert Hall, London, UK, November 21, 2000 

St Bartholomew’s Hospital Choral Society celebrates the 
millennium and their 35th anniversary with the Royal 
Medical Benevolent Fund as their chosen Charity for their 
season 2000/2001. 

Mahler’s Symphony No. 8 “Symphony of a Thousand’ with 
the Royal Philharmonic Orchestra, Royal Albert Hall, 21 
November 2000. 


It needs a really big choir, splendid orchestra, fine soloists 
and conductor. Six hundred singers are needed for this 
monumental work. 


To participate contact the Barts Choir Honorary Secretary 
on: 

Tel: +44 1628 664157. 

Or to support, details available from: 

The Royal Medical Benevolent Fund, 24 King’s Road, 
Wimbledon, London SW19 8QN. 


Tel: +44 20 8540 9194; Fax: +44 20 8542 0494; 
E-mail: rm.bf@virgin.net 


11th Congress, Western Pacific Association of 
Critical Care Medicine 

Singapore November 29—-December 3, 2000 

This meeting will take place at the Westin Stamford and 


Westin Plaza, Singapore and is organized by the Society of 
Intensive Care Medicine (Singapore). 

For further information, please contact: 

lith WPACCM Congress Secretariat, Academy of Medi- 
cine, Singapore College of Medicine, Building 16, College 
Road, #01-01, Singapore 169854. 

Fax: +65 225 5155; E-mail: monicaw @pacific.net.sg 
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19th Annual Symposium Clinical Update in 
Anesthesiology and Advances in Techniques 
of Cardiopulmonary Bypass with 
International Faculty and Industrial Exhibits 
San Juan, Puerto Rico, January 13-20, 2001 


Free Papers will be accepted for oral and poster presentation 
in four categories: (i) monitoring; (ii) new pharmacological 
agents; (ili) interesting case reports; (iv) cardiopulmonary 
bypass technology. Abstracts forms are available upon 
request. The deadline for submission is November 1, 2000. 
Tuition will not be waived. Brochure available in June 2000. 


For information and abstract forms contact: Helen Phillips, 
Box 1010, Mt. Sinai Medical Center, One Gustave L. Levy 
Place, New York, NY 10029-6574, USA. 


Tel: +1 212 241 7630; Fax: +1 212 426 2009; E-mail: 
helen_phillips@smtplink.mssm.edu 


2nd International Conference on Pain 
Control and Regional Anaesthesia 

Jaipur, India, February, 2001 

For further information on the congress, please contact: 


Options Eurocongress, Ms Dionne Bosma, Rue Washington 
129, B-1050 Brussels, Belgium. 


Tel: +32 2 346 53 O1; Fax: +32 2 346 36 37; E-mail: 
dionne @ options.com.cy 


ESRA 4th Workshop ‘Neural Blockades on 
Cadavers’ 

(European Society of Regional Anaesthesia) 
Innsbruk, Austria, February 22-24, 2001 

For further information on the congress, please contact: 


Options Eurocongress, Ms Dionne Bosma, Rue Washington 
129, B-1050 Brussels, Belgium. 


Tel: +32 2 346 53 01; Fax: +32 2 346 36 37; E-mail: 
dionne @ options.com.cy 


ESA 8th Annual Congress 


(European Society of Anaesthesiologists) 
Gothenburg, Sweden, April 10, 2001 


Abstracts deadline: December 1, 2000 
For further information on the congress, please contact: 


Options Eurocongress, Ms Dionne Bosma, Rue Washington 
129, B-1050 Brussels, Belgium. 


Tel: +32 2 346 53 01; Fax: +32 2 346 36 37; E-mail: 
dionne @ options.com.cy 


16th Annual Meeting of the European 
Association of Cardiothoracic 
Anaesthesiologists (EACTA) 

Weimar, Germany, May 16-19, 2001 

For further information please contact: 

Anita Akabogy, Congress Department, MCN Medizinische 


Congress-organisation Nürnberg AG, Zerzabelshofstrasse 
29, 90478 Nuernberg, Germany. 


Tel: +49 911 393 16 10; Fax: +49 911 393 16 55; E-mail: 
akabogu@men-nuernberg.de; www: http//www. men- 
nuernberg.de 


German Congress of Anaesthesiology 2001 
(DAK 2001) 
Messezentrum Nürnberg, June 13-16, 2001 


International Symposium on 
Anaesthesiological and Surgical Perspectives 
of Ambulatory Surgery in the New 
Millennium 

Stockholm, Sweden, August 30 ~ September 1, 2001 
For further information on the congress, please contact: 


Options Eurocongress, Ms Dionne Bosma, Rue Washington 
129, B-1050 Brussels, Belgium. 


Tel: +32 2 346 53 O1; Fax: +32 2 346 36 37. E-mail: 
dionne @ options.com.cy 


ESRA XX Annual Congress 


(European Society of Regional Anaesthesia) 
Joint Annual Congress with EurePain 9 European Com- 
ference on Pain Research 


Warsaw, Poland, September 19-22, 2001 
Abstracts deadline: May 15, 2001 
For further information on the congress, please contact: 


Options Eurocongress, Ms Dionne Bosma, Rue Washington 
129, B-1050 Brussels, Belgium. 


Tel: +32 2 346 53 O1; Fax: +32 2 346 36 37, E-mail: 
dionne @ options.com.cy 


8th World Congress of Intensive and Critical 
Care Medicine 

Sydney, Australia, October 28—November 1, 2001 

For further information please contact: 


Congress Secretariat, 8th World Congress of Intensive and 
Critical Care Medicine, GPO Box 2609, Sydney, NSW 
2001, Australia. 

Tel: +61 2 9241 1478; Fax: +61 2 9251 3552; e-mail: 
iccm @iccmsaust.com.au; website: www. iccm.ausi.comi 
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First World Congress on Regional 
Anaesthesia and Pain Therapy 

Barcelona, Spain, June 5-8, 2002 

For further information on the congress, please contact: 


Options Eurocongress, Ms Dionne Bosma, Rue Washington 
129, B-1050 Brussels, Belgium. 


Tel: +32 2 346 53 O1; Fax: +32 2 346 36 37; 
dionne @ options.com.cy 


E-mail: 


German Congress of Anaesthesiology 2002 
(DAK 2002) 
Messezentrum Niirnberg, June 26-29, 2002 


German Congress of Anaesthesiology 2003 
(DAK 2003) 

Messezentrum Nürnberg, June 18-21, 2003 

For further information, please contact: 


Medizinisch Congressorganization Nürnberg AG. 
Tel: +49 911 393160; Fax: +49 911 331204 


Awareness during Anesthesia—The 2000 
Anesthesiology Journal-sponsored Symposium 
at the ASA Meeting 

San Francisco, California, October 17, 2000, 9:00-12:30 
The moderators will be Alex S. Evers MD (Washington 
University, St Louis) and Richard B. Weiskopf MD (Univer- 
sity of California, San Francisco) 


Awareness during anaesthesia is a potential problem of 
concern to clinicians and the public. There are clear cases 
of patients having been unintentionally awake during anes- 
thesia and surgery and other cases for which ‘awareness’ 
was not as Clearly delineated. ‘Awareness’ during anaesthe- 
sia and surgery can result in ‘post-traumatic 
syndrome’. 

This symposium will include invited speakers and a 
discussion session, as well as an opportunity to view 
selected abstracts. Abstracts in the following areas are 
considered appropriate for submission: 

(i) epidemiology of ‘awareness’ during anaesthesia, 

(ii) monitoring of depth of anaesthesia, 

(iii) prevention of awareness during anaesthesia, 

(iv) treatment of syndromes resulting from awareness during 
anaesthesia. 


stress 


Abstracts should be submitted via the regular Annual 
Meeting procedures by April 1, 2000. Online submission is 
available. Abstracts requesting consideration for presenta- 
tion at this symposium will undergo an additional review 
in addition to the standard ASA abstract review process. If 
you would specifically like your abstract considered for 
inclusion in the symposium, please check the special box 
that can be found on the cover letter/form which must 
accompany your submission. If you need abstract submis- 
sion materials, please contact the American Society of 
Anesthesiologists: 

American Society of Anesthesiologists, 520 N. Northwest 
Highway, Park Ridge, IL 60068~2573. USA. 

Tel: +1 847 825 5586; Fax: +1 847 825 1692: 
E-mail: mail@ ASAhg.org Web site: http://www.asahq.org 





HEART/LUNG TRANSPLANT ANESTHESIA 
AT UPMC PALERMO 


*(U'Istituto Mediterraneo per i Trapianti e Terapie ad Alta 
Specializzazione) 


The University of Pittsburgh Department of Anesthesiology/CCM 


seeks attending anesthesiologists with fellowship training (or 
equivalent), for clinical O.R. care of heart/lung transplant recipients in 
Palermo, Italy. Exciting joint venture of UPMC Health System and 
the Italian Government. Position involves full time faculty appointment 
(all ranks) at the. University of Pittsburgh, as well as an extremely 
attractive salary, benefits, and relocation allowance. 


Send curriculum vitae and references to: 


Leonard Firestone. M.D. 
Safar Professor and Chairman 
Department of Anesthesiology/CCM 
University of Pittsburgh 
A-1305 Scaife Hall 
Pittsburgh. PA 15261 
Fax: (412) 648-1887 
E-mail: firestone@anes.upme.edu 
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Endoscopy & laser/voice surgery 
LMA for ENT Anaesthesia 
Craniofacial/Head & Neck Surgery 
Anaesthesia for Sleep Apnoea 


Practical Theatre Sessions 
| ~ tonsillectomy, adenoidectomy, nasal Sear surgery 
| laser airway surgery with jet ventilation 





Registration: £205 (includes £100 bockine fee) 


Applications with Booking Fee to: 

| Yvonne Pugh or Owen Fender 
Administration, Institute of Laryngology anc 
330-336 Gray's Inn Road, London WCLA 
Telephone: 020 7915 1514/02 Pax: 020 TRS)" 


e-mail: o fender @ucl.ac.uk 
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2 PEDIATRIC ANESTHESIOLOGISTS 


British Columbia’s Children’s Hospital 
Part of the Children’s & Women’s Health Centre of BC 


University of British Columbia 


The Department of Pediatric Anesthesia is seeking an 
anesthesiologist with training and experience in pediatric anesthesia 
to join a 15 member department delivering care in the pediatric 
tertiary referral centre for British Columbia. 


Anesthesia is provided for general surgery, cardiothoracic, ENT, 
neurosurgery, orthopedic, ophthalmology, plastic, urology services 
and for the Dental Clinic. Anesthesia is provided in the Radiology 
Department for MRI, CT Scan and interventional procedures. 
Anesthesia services are also provided for the acute burn program. 
Further expansion is anticipated in non-interventional radiology and 
gastroenterology and oncology services. 


The anesthesiologist will share coverage for emergency services, the 
acute pain service and the pre-admission clinic. 


You must have attained speciality qualification by the Royal College of 
Physicians and Surgeons of Canada and be eligible for licensure in 
British Columbia. You should have a proven academic and research 
record or have demonstrated the potential to be productive 
academically. There is an opportunity for a joint appointment with the 
University of British Columbia. 








in accordance with Canadian immigration requirements, o 
will be given to Canadian Citizens and permanent resid 
Canada. The Children’s & Women’s Health Centre of B 
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Editorial 


Endocrine and metabolic disorders in anaesthesia and intensive care 
‘We do not expect people to be deeply moved by what is not unusual.’ 
G. Eliot, Middlemarch 1871-2 


There are certain clinical challenges that we meet only 
occasionally in anaesthetic practice. They may be 
difficult to manage: more conscious effort is required 
and. one needs to refer to a readily available text. 
Endocrine disorders fall into this category. Some are not 
uncommon in the general population such as insulin- 
dependent diabetes mellitus or thyroid disease, but 
others occur much less frequently, such as carcinoid 
syndrome or Cushing’s disease. 
Anaesthesia for patients with endocrine disorders was 
the subject of a symposium held by The Royal College 
of Anaesthetists in London in March 1999. It has also, 
“on-at least two occasions, been the subject of one of the 
‘popular -symposia held at the Association of 
Anaesthetists of Great Britain and Ireland headquarters 
in Bedford Square, London. We thought it appropriate 
to invite selected speakers from these symposia to 
submit didactic reviews for publication on their area of 
interest. We have added to these topics for complete- 
ness, with reviews of the anaesthetic aspects of such 
rare metabolic disorders as porphyria by international 
experts on the subject,’ and an update on malignant 
hyperthermia.” We have also considered related topics 
such as the stress response to surgery? and the 
perioperative challenges of the morbidly obese patient.’ 
Understanding the endocrine response to anaesthesia 
and surgery is fundamental to successful management of 
all patients undergoing a major operation., Desborough 
describes this rapidly developing area succinctly and 
with considerable clarity? Our knowledge of cytokines 
and other acute phase proteins which trigger the stress 
response is increasing rapidly and anaesthetists need to 
be regularly updated on this topic. Anaesthetists dread 
the management of a morbidly obese patient presenting 
for major surgery. Will the patient fit on the operating 
table; will they breathe adequately postoperatively; and 
who will manage their inevitable postoperative prob- 
lems? These points are addressed by Adams and 
Murphy,’ who instil us with the confidence to face 
this particular challenge in the future. 


Most anaesthetists in adult practice will occasionally 
have to manage patients presenting for thyroid surgery. 
Always a potentially challenging area because of the 
risk of a difficult intubation, anaesthetic techniques for 
management of the airway in the presence of an 
enlarged thyroid gland have developed alongside 
fibreoptic intubation and the increasing range of airways 
and laryngoscopes that have become available. These 
are discussed in detail by Farling.” Similar anaesthetic 
techniques are required for parathyroid surgery, yet the 
hormonal and biochemical problems which these patients 
present are very different. Knowledge of the physiology 
of calcium regulation has increased significantly. R is a 
complex area, often unfamiliar to anaesthetists, which is 
ably described by Mihai and Farndon.° The anaesthetic 
problems which may be encountered in patients wath 
hyperparathyroidism are also detailed. 

Perhaps the endocrine disorder that all anaesthetists 
consider to be the greatest challenge is phacochromocyto- 
ma, often known as ‘the great mimic’. Such patients can 
present unexpectedly during anaesthesia, or for planned 
surgical excision. Thorough preoperative preparation is 
pivotal to successful intraoperative management. This 
challenge is detailed by Prys-Roberts,’ together with an 
account of his extensive experience in the managernent of 
these patients over many years. 

Anaesthesia for patients with pituitary disease is a 
highly specialized area. Even within a neurosurgical 
unit, only a few practitioners will have extensive 
experience of it. Smith and Hirsch have addressed the 
anatomy and pathophysiology of the pituitary gland, as 
well as the preoperative preparation and intraoperative 
management of these patients.* Acromegalic patients are 
rare, but they may present on any operating list 
(possibly undiagnosed), and an anaesthetist must be 
able to manage them appropriately. 

Every trained anaesthetist should also be able to 
manage patients competently with any form of diabetes 
mellitus. Much is now known about the actions of 
insulin in health and disease. The historical background 
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to this knowledge is interesting: it is described in a 
logical manner by Sonksen and Sonksen.”? ‘What goes 
wrong in diabetes’ is explained; the metabolic sequelae 
must be understood for appropriate management of these 
complex patients in the accident and emergency depart- 
ment, the operating theatre or the intensive care unit. 
Perioperative management of diabetic patients is often 
suboptimal: this is inexcusable. McAnulty, Robertshaw 
and Hall!” provide a systematic and clear approach to 
the anaesthetic management of these patients which, if 
followed, should avoid many of the postoperative 
problems which diabetics unnecessarily develop (when 
their care is only being supervised by inexperienced, 
non-anaesthetic trainee doctors and a paucity of nurses). 

Perhaps the most esoteric of endocrine tumours are those 
found in the gastrointestinal tract. Many anaesthetists will 
never encounter patients with such tumours of the pancreas 
as gastrinomas, glucagonomas or somatostatinomas in a 
lifetime of clinical practice. But they may be presented with 
patients with multiple endocrine neoplasia including, for 
instance, carcinoma of the thyroid gland, which can also 
involve the gut. Diagnosis can often be elusive in these 
patients and expert anaesthetic knowledge in this area is 
rare. Holdcroft provides it in a wide-ranging review of 
hormones and the gut.'! 

Drugs used in anaesthesia may, albeit rarely, produce 
an atypical response which is potentially fatal. The 
classic example is malignant hyperthermia.” The neuro- 
leptic malignant syndrome (NMS) is an altered response 
to neuroleptic drugs. It most commonly presents in 
psychiatric patients, to intensivists rather than anaesthe- 
tists. But a relationship has been suggested between 
NMS and malignant hyperthermia and this topic is 
discussed by Adnet and colleagues.” The adverse 
metabolic effects of recreational drugs are poorly 
detected and treated. They are primarily managed in 
accident and emergency departments, but may present to 
intensivists and anaesthetists. Their complexities are well 
described by Henry.'? 

We hope that you will find this postgraduate issue 
interesting and useful. We think it will help all of us to 


NM 


practice anaesthesia more effectively and appropriately in 
the next millennium, even in patients with exceptionally 
challenging or unusual endocrine disease. 


P. M. Hopkins 

Academic Unit of Anaesthesia 
St James University Hospital 
Leeds LS9 7TF 


J. M. Hunter 

Department of Anaesthesia 
University of Liverpoal 

Duncan Building, Daulby Street 
Liverpool L69 3GA 
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The perioperative anaesthetic care of patients presenting 
for pituitary surgery requires careful preoperative assess- 
ment and meticulous per- and postoperative management 
using principles common to all intracranial procedures. 
Particular problems in such patients relate to primary 
hormonal hypersecretion and its complications, and to 
mass effects of the tumour. Knowledge of the normal 
anatomy and physiology of the pituitary gland is 
essential to allow an understanding of the pathophysio- 
logical effects relevant to anaesthesia and of the 
potential complications that might arise during and 
after surgery. The aim of this review is to present the 
issues which are crucial for the safe anaesthetic 
management of these challenging patients. 


Anatomy and physiology 


Anatomy 


The pituitary gland consists of two histologically distinct 
parts: the large, vascular, pink anterior lobe or 
adenohypophysis and the smaller, grey-white posterior 
lobe or neurohypophysis. Embryologically, the anterior 
lobe of the pituitary develops from the ventral ridges of 
the developing neural tube which are pushed into their 
resting position by Rathke’s pouch. A downgrowth from 
the floor of the third ventricle of the brain forms the 
posterior pituitary. The gland averages 6 mm high, 13 
mm wide and 9 mm anteroposteriorly; it increases in 
size during growth spurts and pregnancy. It lies within 
the pituitary fossa or sella turcica, a depression in the 
skull base lined with dura mater. The floor and anterior 
wall of the sella are formed by the roof of the sphenoid 
air sinus, the posterior wall by the clivus and the lateral 
walls by the cavernous sinuses which contain the carotid 
arteries and the third, fourth and sixth cranial nerves 
(Fig. 1). The roof of the fossa is bounded by the 
diaphragma sella, an invagination of dura through which 
the pituitary stalk passes. 


Physiology 

The traditional method of classifying pituitary cell types by 
their staining properties (i.e. chromophobes, acidophils and 
basophils) has largely been abandoned. More ree 
immunocytochemical techniques allow identification of a 
least five distinct cell types within the anterior lobe. 
Somatotrophs account for about 50% of the ceils and 
produce growth hormone. Prolactin-producing lactotrophs 
account for a further 10-25% and adrenocerticotrophic 
hormone (ACTH)-producing corticotrophs for another 15% 
Melanocyte-stimulating hormone (MSH) is an analogue of 
ACTH. The other cell types are thyrotrophs (510%), 
produce thyrotrophin (TSH), and gonadotrophs (10%), 
which produce follicle-stimulating and luteinizing bor- 
mones (FSH and LH). There are also functionally inert cells 
(null cells) within the gland and these may give rise to non- 
functioning pituitary adenomas. 

Production and release of anterior pituitary hormones are 
under the control of the hypothalamus. Axons from 
hypothalamic neurones terminate on the median eminence 
where a system of fenestrated capillaries carries arterial 
blood down to the anterior pituitary through the hypophy- 
seal portal system. Peptide hormones stimulate or inhibit 
release of the corresponding pituitary hormones. Prolactin 
release is stimulated by prolactin-releasing hormone (PRE) 
and inhibited by ‘prolactin-inhibiting hormone’, now known 
to be dopamine. These are secreted by medial regions of the 
hypothalamus. Growth hormone release is promoted by 
growth hormone releasing hormone (GRH) and inhibited by 
somatostatin; these are both produced in the ventromedial 
hypothalamus. Thyroid-releasing hormone (TRH), from 
ventral hypothalamic areas, stimulates the production and 
release of TSH. Similarly, corticotrophic hormone (CRH) 
stimulates ACTH release. 

The anterior pituitary hormones affect specifie target 
organs and tissues. In women, prolactin causes milk 
secretion from the breast after oestrogen and prog 
priming. In men, its role is unclear. Growth hormone acts.on 
a wide variety of tissues, both directly and through release 
of insulin-like growth factor 1 GGF- This is released 
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Fig 1 Coronal, T1-weighted, enhanced MRI showing pituitary gland and its anatomical relations. 


principally from the liver in response to the presence of 


growth hormone. In addition to stimulating bone and 
cartilage growth, growth hormone and IGF-I increase 
protein synthesis and lipolysis whilst decreasing insulin 
sensitivity and causing Na* retention. TSH stimulates iodine 
binding by the thyroid gland and increases synthesis and 
release of triiodothyronine (T3) and thyroxine (T4). Blood 


flow to the thyroid gland increases under the influence of 


TSH, and chronically elevated concentrations result in 
enlargement of the gland. ACTH acts on high-affinity 
membrane receptors of adrenocortical cells. Stimulation 
results in increased concentrations of intracellular choles- 
terol, which is converted to cortisol within the mitochondria 
before release into the circulation. FSH causes early 
maturation of ovarian follicles and both FSH and LH 
allow final maturation. Surges in LH are responsible for 
ovulation. In men, FSH stimulates spematogenesis and LH 
causes testosterone secretion. 

Anterior pituitary hormones are under feedback control. 
Growth hormone increases circulating IGF-I which in turn 
directly inhibits growth hormone secretion from the pitu- 
itary. It also stimulates somatostatin secretion. Thyroid 
hormones feedback to inhibit TRH and TSH, and cortisol 
inhibits CRH and ACTH. Secretion of the gonadotrophic 
hormones FSH and LH is controlled by a single releasing 


factor, luteinizing hormone releasing factor (LHRH). The 
feedback from gomadal hormones at the pituitary and 
hypothalamus may be inhibitory or stimulatory, The 
significance of MSH in humans is unclear, but it is 
controlled by the hypothalamus through stimulatory and 
inhibitory factors, 

In addition to the ‘classic’ hormones described above, the 
pituitary secretes a number of other peptides, including 
vasoactive intestinal peptide, chorionic gonadotrophin, 
substance P and renin. Such diversity reflects the functional 
complexity of the gland.*” 

The posterior lobe of the pituitary is made up of pituicytes 
which, in keeping with its embryological origins, are similar 
to glial cells. The posterior pituitary is responsible for the 
storage and release of oxytocin and vasopressin, which are 
hormones synthesized in the paraventricular and supraoptic 
nuclei of the hypothalamus. 


Pituitary pathology 

Most pituitary tumours arise from the anterior part of the 
gland. The majority are benign adenomas and histologically 
resemble normal pituitary gland.*’ Proposed mechanisms of 
tumour development include malfunction of normal growth- 
regulating genes, abnormalities of tumour suppressor genes 
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and alterations in genes controlling programmed cell 


death.** Pituitary adenomas account for 10-15% of 


intracranial neoplasms; three-quarters of them secrete 
inappropriate amounts of pituitary hormones. Tumours 
arising primarily from the posterior pituitary are extremely 
rare and this review will concentrate on anterior pituitary 
tumours. 

The prevalence of pituitary tumours is approximately 200 
per million of the population?’ but unselected post-mortem 
studies suggest an incidence of 10-27%." The majority are 
therefore asymptomatic. 


Presentation 


‘n e s b ° n 39 4 å 
Pituitary lesions may present in a variety of ways: PR 


hormonal hypersecretion syndromes, such as hyperprolacti- 
naemia, acromegaly and Cushing’s disease; (ii) mass effect, 
for example visual disturbance or raised intracranial pres- 
sure; (iii) non-specific, for example infertility, headache, 
epilepsy or pituitary hypofunction; (iv) incidental, such as 
those detected during imaging for other conditions. 
Rarely, a patient may present with pituitary apoplexy 
following haemorrhage into an adenoma. Sudden and 
dramatic endocrine alterations are associated with head- 
ache, signs of meningism, visual impairment and ophthal- 
moplegia and other evidence of an intracranial mass lesion. 


Hormonal hypersecretion syndromes 

Hormonal hyperactivity usually occurs secondary to over- 
production of hormones by a discrete adenoma. 
Prolactinomas occur most commonly. Adenomas producing 
acromegaly and Cushing's disease are rarer. A non- 
functioning (i.e. non-hormone-secreting) adenoma can 
increase prolactin concentrations by compressing the pitu- 


itary stalk. This ‘stalk effect’ in turn reduces transfer of 


prolactin-inhibiting factor (dopamine) from the hypothala- 
mus to the pituitary. 


Mass effect 

Mass effect of a tumour on adjacent structures is more likely 
to occur with non-functioning macroadenomas (>I cm in 
diameter). The structures most commonly affected lie 
adjacent to the pituitary and include optic nerves and 
chiasm (Fig. 2). Compression of the chiasm results charac- 
teristically in bitemporal hemianopia, although in the early 
stages upper quadrant defects only may be discernible. 
Occasionally, a third cranial nerve palsy may occur, 
especially in cases of pituitary apoplexy. Large tumours 
may also impede cerebrospinal fluid circulation, resulting in 
hydrocephalus and raised intracranial pressure. 


Non-specific 

Non-specific presentations include infertility, epilepsy or 
pituitary hypofunction. Hormonal underactivity results from 
compression of normal pituitary tissue by a non-functioning 
adenoma, by haemorrhage into the pituitary resulting in 
pituitary apoplexy or, more rarely, by postpartum pituitary 





Fig 2 Sagittal, T!-weighted MRI showing large pituitary macroadenoma 
(arrow) with suprasellar extension 


infarction (Sheehan's syndrome). Most commonly, how 
ever, hypopituitarism is the result of pituitary surgery or 


radiotherapy. 


Incidentalomas 

Pituitary tumours, often called ‘incidentalomas 
present as an incidental finding during investigation of an 
unrelated condition;*” 7' this is the result of the increased 
sensitivity of CT and MRI techniques. Incidental demon 
stration of a pituitary mass occurs in >10% 
undergoing cranial imaging,” an unsurprising finding as 
occult pituitary adenomas have been reported in up to 27% 
of post-mortem examinations of patients dying from 
unrelated causes.” 


may 


if patients 


Preoperative diagnosis and management of 
pituitary tumours 


All patients need measurement of basal prolactin concen 
trations, thyroid function tests and a high quality MRI 
Elevated prolactin concentrations in the absence of treat 
ment with dopamine antagonists, hypothyroidism or other 
causes of secondary hyperprolactinaemia are an indication 
for pituitary imaging. Thyroid function is of fundamental 
importance. Pituitary adenomas thyroid 
hypofunction, but it is important to exclude the diagnosis 
Primary hypothyroidism can cause pituitary enlargement 
and hyperprolactinaemia, while both primary and secondary 
hypothyroidism may make 
Abnormalities of thyroid function should therefore be 
treated before surgical intervention. MRI has superseded 
CT as the imaging technique of choice because of its ability 
to differentiate between soft tissues in the assessment of the 


rarely cause 
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spread of macroadenomas and its superior ability to 
visualize microadenomas. CT remains valuable in the 
assessment of bony invasion. The management of specific 
tumour types is discussed below and has been reviewed in 
detail elsewhere.*! *° 


Prolactin-secreting tumours 


Prolactin-secreting tumours account for more than half of 
functioning pituitary tumours. The majority are microade- 
nomas (<1 cm) and 90% occur in women. Females present 
typically with secondary amenorrhoea and galactorrhoea, 
although the latter may be absent if oestrogen concentra- 
tions are low, Men with prolactin-secreting tumours can 
present with impotence and a decreased sperm count and 
such tumours may be diagnosed during investigation of 
infertility. 

Prolactin-producing macroadenomas (>1 cm) are more 
common in men and may present with visual field defects 
secondary to pressure effects of the tumour, rather than with 
fertility problems. 


Diagnosis 

MRI of the pituitary fossa identifies the presence of a 
tumour and an elevated plasma prolactin concentration 
confirms the diagnosis.” The upper limit of normal for 
basal circulating prolactin varies depending upon the assay 
but concentrations of >400 mU litre’! (20 ng ml!) are 
generally accepted to be elevated. Plasma concentrations 
correlate well with tumour size. Prolactin-secreting micro- 
adenomas generate prolactin concentrations of 1000-4000 
mU litre™!, whereas concentrations of >6000 mU litre”! are 
usually associated with macroadenomas. Large, non-func- 
tioning tumours can also increase prolactin concentrations 
by compressing the pituitary stalk (see above) but under 
such circumstances the prolactin concentration rarely 
exceeds 3000 mU litre! As prolactin is a stress hormone, 
its plasma concentration may rise during venesection. If 
possible, an intravenous cannula should be placed and blood 
removed some hours later. 


Treatment 

The first-line treatment of prolactinomas is with a dopamine 
agonist, such as bromocriptine, titrated against plasma 
prolactin concentration? ® ° Bromocriptine should be 
introduced at a low dose (1 mg) with food and increased to 
5-15 mg daily until optimum control is achieved. 
Cabergoline is an alternative to bromocriptine.” Medical 
therapy is curative in <95% of patients, in whom prolactin 
concentrations are restored to normal.* Surgical removal of 
the adenoma is indicated in the minority of patients who do 
not respond to dopamine agonists” or in the rare cases when 
side-effects (nausea, lethargy or nasal stuffiness) limit their 
use.*” In patients with a macroadenoma, morning cortisol 
concentration should be checked if symptoms suggest 
hypopituitarism, although this is rare. If this concentration 
is borderline, a Synacthen test should be performed. 


Monitoring of visual field and acuity is vital. First-line 
therapy with bromocriptine should be reviewed after 1 week 
to check that field defects have not deteriorated. Many 
patients with large tumours do respond to medical treat- 
ment, and in 75% of such patients, visual defects are 
abolished.* Although there is no evidence of teratogenicity, 
dopamine agonists are usually stopped during pregnancy. 
Symptomatic enlargement of treated microadenomas is 
extremely rare but monitoring of visual fields and sequential 
MRI will detect the 15% of macroadenomas that grow 
significantly during this time.°' In these patients drug 
therapy may be reintroduced as this does not affect the 
outcome of pregnancy.’ 


Growth hormone-secreting tumours 


Excess secretion of growth hormone produces acromegaly 
in the adult and gigantism before epiphyseal closure. The 
annual incidence of acromegaly is six to eight cases per 
million of the population. The clinical syndrome is usually 
insidious in onset and is characterized by enlargement of the 
jaw, hands and feet and increased soft tissue growth 
secondary to elevation of growth hormone concentration 
(Fig. 3). Associated complications of the disease, such as 
diabetes mellitus and hypertension, are often the first 
medical indications of acromegaly. The common clinical 
signs and symptoms are shown in Table 1. 


Diagnosis 

A random serum growth hormone concentration of >10 mU 
litre”! (5 ng mi~’), failure of suppression of growth hormone 
concentrations to <2 mU litre”! (1 ng mI!) following a 75 g 
oral glucose load and elevated IGF-I are diagnostic of 
acromegaly. An isolated measurement of growth hormone 
concentration may be misleading because it is released in 
bursts and has a short half-life. IGF-I, a somatomedin 
through which growth hormone exerts many of its effects, 
has a longer half-life and is therefore a useful measure of 
mean growth hormone activity. 


Treatment 

The primary treatment is surgery, with or without subse- 
quent radiotherapy. A few patients respond to dopamine 
agonists and, in such cases, growth hormone and IGF-I 
concentrations can be normalized without surgery.* Long- 
acting analogues of somatostatin (such as octreotide) may 
have a place in those who fail to respond to dopamine 
agonists but the need for parenteral administration and the 
high incidence of gallstones limits their use.** Recently, a 
new slow-release preparation, somatuline, given by injec- 
tion every 1-2 weeks has been investigated,*° 


ACTH-secreting tumours 


The annual incidence of ACTH-producing pituitary tumours 
is two to four per million of the population. These tumours 
account for 4% of functioning pituitary adenomas and 80% 
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Fig 3 Clinical features of acromegaly. 


occur in women. The majority are microadenomas. High 
concentrations of cortisol cause Cushing’s syndrome, which 
may occur secondary to treatment with glucocorticoid drugs 
(the most common cause), an adrenal tumour, ectopic 
production of ACTH associated with a neoplasm, or a 
pituitary tumour. The clinical condition resulting from 
excess ACTH production by a pituitary adenoma is called 
Cushing’s disease. Whatever the cause of the excess 
circulating cortisol, Cushing's syndrome is characterized 
by widespread effects (Table 2). 


Table 1 Clinical features of acromegaly 





Affected area Clinical features 





Face Increase in size of skull and supraorbital ridg largec 

lower jaw; increase in spacing between teeth lusion 
Hands and feet 
Mouth/tongue 


Spade-shaped; carpal tunnel syndrome 
Macroglossia: thickened pharyngeal and laryn 
tissues; obstructive sleep apnoca 

Thick skin; doughlike feel to paln 

Vertebral enlargement; osteoporosis; kyphos 
Hypertension; cardiomegaly 
function 


Soft tissue 
Skeleton 
Cardiovascular impaired left 
Endocrine 
Other 


Impaired glucose tolerance; diabete 
Arthropathy; proximal myopathy 





Table 2 Clinical features of Cushing's syndrome 





Appearance Redistribution of body fat; ‘moon’ face; trun 
obesity 

Musculoskeletal Proximal myopathy; osteoporosis: vertebra 

Skin Purple striae on abdomen, buttocks, thighs: ea 


and fragile skin; hirsutism; acne 
Impaired glucose tolerance; diabetes 
Hypertension; ECG abnormalities: left 
trophy 


Endocrine 
Cardiovascular 





Metabolic Hypernatraemia; hypokalaemia; alkalosi 
Other Sleep apnoea; gastointestinal reflux; rena 

linization; mental disturbance 
Diagnosis 


Diagnosis may be complex and should be carried out in a 
specialist centre. Urinary concentrations of free 
loss of diurnal cortisol control and lack of response to 
overnight dexamethasone suppression are primary screen- 
ing procedures. 7 High concentrations of circulating ACTH 
are indicated by urinary cortisol >275 nmol 24 } 
failure to suppress serum cortisol concentration t 
nmol litre™' following an oral dose of dexamethasone | mg 
the night before sampling. ACTH concentrations should be 
measured under such circumstances. If ACTH is undetect 
able, this suggests an adrenal tumour; concentrations 
between 10 and 100 ng litre” 
disease while concentrations >200 ng litre 
ACTH secretion. Often, cortisol concentrations do not fall 
into the normal range and further stimulatory or suppression 
tests may be required. An exaggerated secretory response to 
the administration of CRH occurs in pituitary disease and a 
reduced or absent response in adrenal and ectopic ACTH 
disease. The high-dose dexamethasone suppression test 
involves giving dexamethasone 2 mg every 6 h for 48 h 
Pituitary-dependent Cushing’s syndrome usually responds 
with a fall of both early morning plasma cortisol and urinary 
Selective 


cortisol 


and 
<138 


suggest pituitary-dependent 


l 
suggest topic 


free cortisol concentrations on the second day 
inferior petrosal sinus sampling and measurement of ACTH 


concentrations following CRH stimulation is the final 
confirmatory test for pituitary Cushing’s syndrome 
Treatment 

Primary treatment is surgical, and is curative in <80% of 


patients. Pretreatment with metyrapone or betaconazole 
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reverses the side-effects of increased concentrations of 
circulating cortisol, which used to cause significant peri- 
operative morbidity and mortality. If surgery is not 
possible or has failed, radiotherapy is a secondary option. 
This may be accompanied by bilateral adrenalectomy and 
mineralocorticoid and glucocorticoid replacement therapy. 
However, adrenalectomy carries the risk of Nelson's 
syndrome (hyperpigmentation as a result of MSH secretion 
and compression of parapituitary structures) in 20% of 
patients. Pituitary radiotherapy and adrenalectomy are 
highly effective in children. 


Glycopeptide (TSH, FSH and LH)-secreting 
tumours 


TSH-secreting pituitary adenomas are extremely rare, 
aggressive tumours whose first-line treatment is surgical. 
The diagnosis is confirmed by the presence of hyperthyr- 
oidism in association with elevated plasma concentrations 
of TSH. The diagnosis may be missed by the unwary if it is 
not appreciated that TSH concentrations within the normal 
range are inappropriately high in the presence of consist- 
ently elevated concentrations of circulating thyroid hor- 
mones. 

Gonadotroph adenomas present usually as inactive 
adenomas but may present rarely with premature puberty 
or the resumption of menstrual bleeding in post-menopausal 
women. Elevated prolactin concentrations may occur in 
<80% of endocrinologically inactive adenomas because of 
compression of the pituitary stalk. Macroadenomas may 
present with compression of sella structures and secondary 
hypopituitarism. Again, first-line therapy is surgical. 


Non-functioning tumours 

Approximately 25% of pituitary tumours are non-function- 
ing. They usually present with visual disturbance secondary 
to chiasmal compression or headache caused by increased 
intracranial pressure, Ophthalmological assessment is man- 
datory for all tumours extending into the suprasellar area. If 
there are no symptoms or signs of pressure effects, it is 
acceptable simply to review patients on a regular basis using 
measurements of visual fields and MRI. Increase in tumour 
size, deterioration in visual fields or onset of other 
symptoms requires surgical decompression, usually in 
combination with postoperative radiotherapy. Rarely, non- 
functioning tumours may present with panhypopituitarism 
or pituitary apoplexy. The latter is associated with abrupt 
onset of severe headache and may mimic subarachnoid 
haemorrhage. Hormone concentrations are usually normal, 
with the exception of raised prolactin concentrations 
resulting from the ‘stalk effect’. Cortisol status should be 
checked if there are signs of hypopituitarism. 


Preoperative assessment 


In addition to the usual general pre-anaesthetic assessment 
of a neurosurgical patient, preoperative review of patients 
scheduled for pituitary surgery should include an assess- 
ment of: visual function; signs and symptoms of raised 
intracranial pressure; the patient’s endocrine studies; and 
the effects of hormonal hypersecretion. Those with 
acromegaly or Cushing’s syndrome are particularly likely 
to have co-morbidities and preoperative assessment should 
be directed accordingly. 


Acromegaly 


Growth hormone hypersecretion affects not only the 
extremities but also the soft tissues of the mouth, tongue 
and laryngeal cartilages. The anatomical changes that 
may result include prognathism and  macroglossia. 
Thickening of the pharyngeal and laryngeal soft tissues 
and vocal cords, reduction in the size of the laryngeal 
aperture, hypertrophy of the periepiglottic folds and 
recurrent laryngeal nerve palsy also occur.'? About one- 
quarter of acromegalic patients have an enlarged thyroid, 
which may compress the trachea.” Acromegaly is 
recognized as one of the causes of difficulty in airway 
management and tracheal intubation.’ ° 78 34 55 60 7 
Careful airway assessment using conventional criteria is 
essential and preoperative evaluation with indirect 
laryngoscopy has been recommended.** ™ Sleep apnoea 
is a rare complicating factor of acromegaly but is 
associated with a high risk of perioperative airway 
compromise.” © Upper airway obstruction is the major 
cause of sleep apnoea in acromegaly” but central 
depression may also contribute.®’ It is not surprising, 
therefore, that the risk of death from respiratory failure 
is threefold greater in acromegaly." 5! A history of loud 
snoring and daytime hypersomnolence should alert the 
anaesthetist to the possibility of sleep apnoea. The 
response to resection of the underlying pituitary tumour 
is unclear.°” but vocal cord function reverts towards 
normal within 10 days of successful surgery.” 

Hypertension occurs in 30% of patients with acro- 
megaly but usually responds to therapy. Myocardial 
hypertrophy and interstitial fibrosis are common in 
acromegalic patients and may be associated with 
reduced left ventricular function.°’ The impairment 
in left ventricular function may persist in those 
successfully treated by surgery if the disease has been 
longstanding. Left ventricular size often returns to near- 
normal after surgery and the failure of an associated 
return of normal function may reflect persistence of 
interstitial fibrosis.” Glucose intolerance is encountered 
frequently and overt diabetes occurs in 25% of 
acromegalic patients. 
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Cushing’s syndrome 


Increased renin—angiotensin activity and elevated blood 
volume result in hypertension in 85% of these patients. This 
can be difficult to bring under control. ECG abnormalities 
(high voltage QRS complexes and inverted T waves) are 
common. but revert to normal after curative pituitary 
surgery.’* Left ventricular hypertrophy and asymmetric 
septal hypertrophy are observed frequently in patients with 
Cushing’s syndrome. The aetiology of this hypertrophy is 
unknown but, because it occurs more commonly than in 
essential and other secondary hypertension syndromes, it is 
likely a excessive plasma cortisol is a contributing 
factor.’* Curative surgery results in improvement in left 
ventricular function in the majority of cases. Sleep apnoea is 
also a common finding in Cushing’s syndrome. In a recent 
investigation of Cushing’s patients using polysomnography, 
mild sleep aphocs was observed in 32% and severe sleep 
apnoea in 18%. Glucose intolerance or frank diabetes 
occurs in 60% of patients and is related to reduced insulin 
secretion and non-insulin-mediated glucose disposal in the 
presence of elevated insulin concentrations. Renal calculi 
are a common association. Obesity and gastroesophageal 
reflux are frequently encountered and prescription of H3 
antagonists may be appropriate. High concentrations of 
glucocorticoids are immunosupressive and the presence of 
coexisting infection should be considered. Finally, the 
fragile skin and easy bruising typically found in these 
patients can make intravenous access problematic. 


Surgical approach 


The main aim of surgery is tumour removal, which can be 
achieved in most cases. In practice, near-total tumour 
removal leads to endocrine remission and debulking 
achieves chiasmal decompression. Tumour biopsy alone is 
indicated occasionally. The pituitary fossa can be ap- 
proached using the transsphenoidal, transethmoidal or 
transcranial route. The transsphenoidal route is preferred 
for all but the largest of tumours.®? It has the advantage of 
rapid, midline access to the sella with minimal risk of brain 
trauma or haemorrhage as well as a low incidence of 
postoperative complications. It can be used even for 
tumours that extend superiorly outside the sella as long as 
they are in the midline. Various techniques can be applied 
(see below) to increase the intracranial pressure transiently 
and cause the tumour to descend into the sella region from 
where it can be safely resected. Transsphenoidal access to 
the pituitary fossa is obtained using a sublabial or endonasal 
approach, Correct alignment during the approach to the 
fossa is confirmed by fluoroscopy. Some large tumours, 
particularly those with lateral growth outside the sella or 
‘those that are multilobular, are best resected by subfrontal or 
pterional craniotomy. A small or non-pneumatized sphenoid 
sinus is also an indication for craniotomy. The transcranial 
route carries a high risk of total ablation of the pituitary 


gland and the need for permanent hormone replacement. 
Postoperative seizures are also more likely if the subfrontal 
approach is chosen. 


Anaesthetic management 


Anaesthesia for surgery to the pituitary region has been 
reviewed previously.'* °? 45 It is not the intention of this 
review to deal with all aspects of neuroanaesthesia; rather, 
we consider only the issues relating to pituitary surgery. The 
general aims of anaesthesia include haemodynamic stabil- 
ity, maintenance of cerebral oxygenation, provision of 
conditions to facilitate surgical exposure, prevention of 
intraoperative complications and rapid emergence to facili- 
tate early neurological assessment. 


Hormone replacement 


Preoperative hormone replacement therapy should be 
continued into the operative period. In general, hydro- 
cortisone 100 mg should be administered at induction of 
anaesthesia in all patients undergoing pituitary surgery; 
however, individual units with wide experience will have 
developed local protocols for perioperative hormone 
replacement, particularly for complex conditions such as 
Cushing’s disease. 


Airway management 

Careful preoperative assessment alerts the anaesthetist to 
the possibility of difficulties with airway management and 
tracheal intubation. Ventilation with a bag and mask is 
generally straightforward in acromegalic patients although 
an oral airway may be required.” Four grades of airway 
involvement have been described in acromegaly: grade 1, 
no significant involvement; grade 2, nasal and pharyngeal 
mucosa hypertrophy but normal cords and glottis; grade 3, 
glottic involvement including glottic stenosis or vocal cord 
paresis; and grade 4, combination of grades 2 and 3, i.e. 
glottic and soft tissue abnormalities.” Tracheostomy has 
been recommended for grades 3 and 4 but others have 
suggested that fibreoptic laryngoscopy is a safe alterna- 
tive. However, difficulty with fibreoptic intubation in 
acromegalic patients has recently been described.?’ In one 
patient in this study, the larynx could not be viewed with 
either a Macintosh laryngoscope or a fibreoptic laryngo- 
scope but the trachea was intubated blindly with the help of 
an introducer. In the authors’ experience of >150 pituitary 
operations per annum at the National Hospital, airway 
management and tracheal intubation proceed uneventfully 
in the majority of patients if large face masks and long- 
bladed laryngoscopes are used. However, fibreoptic intuba- 
tion should be considered in patients m whom difficult 
airway Management is predicted.“ The intubating laryngeal 
mask airway has also been used successfully in a patient 
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with acromegaly.°* Equipment for tracheostomy should be 
available if arway changes are advanced.” 

Following intubation, the mouth and posterior pharynx 
should be packed before surgery begins. This will not only 
prevent bleeding into the glottic region during surgery, but 
also entry of blood and secretions into the stomach which 
may precipitate postoperative vomiting. The tracheal tube 
must be positioned to allow the neurosurgeon access to the 
chosen incision site. 


Preparation of the nasal mucosa 


Most surgeons prefer to introduce a vascoconstricting agent 
into each nostril before transsphenoidal surgery. 
Traditionally, mixtures of cocaine and epinephrine have 
been used.*’ Although the addition of epinephrine limits 
systemic absorption,” the use of cocaine-containing prepar- 
ations continues to be associated with a risk of arrhythmias 
and myocardial infarction." *” Xylometazoline, a sym- 
pathomimetic amine acting at alpha adrenoreceptors, may 
be a safer alternative. It produces rapid and prolonged 
vasoconstriction lasting up to 8 h and, when combined with 
lidocaine, its effects are equivalent to those of cocaine. !° 


Lumbar drain 


Some surgeons request insertion of a lumbar drain in 
patients with significant suprasellar tumour extension. This 
has two uses. Introduction of 10 ml aliquots of 0.9% saline 
will, during transsphenoidal surgery, produce prolapse of 
the suprasellar portion of the tumour into the operative field 
(see above). In addition, should the dura be breached during 
the procedure, the catheter can be left in place post- 
operatively to act as a CSF drain in an attempt to control any 
leak of CSF. 


Position 


Transsphenoidal surgery is carried out with the patient 
supine with a moderate degree of head-up tilt. The head may 
be turned slightly to the side to facilitate surgical access. 
The surgeon may stand at the top of the table behind the 
head, or to the right or left. The tracheal tube and anaesthetic 
circuit should be placed away from the surgical field. As 
frequent radiography is required, the C-arm of the image 
intensifier is usually left in position throughout surgery. All 
theatre personnel should wear appropriate protection. 
Transcranial surgery to the pituitary area is also performed 
with the patient in the supine position. Subfrontal surgery is 
carried out with the head in the midline position but 
pterional approaches require the head to be turned. Care 
should be taken to ensure that the neck veins are not 
obstructed. 
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Maintenance of anaesthesia 


Any anaesthetic technique suitable for intracranial proced- 
ures is acceptable, but the presence of increased intracranial 
pressure requires special attention. Choice of anaesthetic 
technique is usually determined by personal preference 
since attention to detail and a meticulous anaesthetic 
technique are generally more important than the use of 
specific drugs.” The merits of inhalational and total 
intravenous techniques during neuroanaesthesia have been 
considered elsewhere. 7$ 78 However, neither is superior to 
the other under most circumstances.”° In the presence of 
raised intracranial pressure, total intravenous anaesthesia 
and the avoidance of nitrous oxide has been recom- 
mended.“ 7$ Whichever technique is chosen, it is important 
that short-acting agents are used to allow rapid recovery at 
the end of surgery. Drugs such as propofol® and 
sevoflurane” clearly fall into this category. During 
transsphenoidal surgery, ventilation to normocapnia should 
be employed. Excessive hyperventilation will result in loss 
of brain bulk and make any suprasellar extension of the 
tumour less accessible from below. There are periods of 
intense stimulation during transsphenoidal access to the 
pituitary fossa. Short-acting opioids should be titrated 
against blood pressure. The ultra-short-acting opioid, 
remifentanil, allows maintenance of stable conditions in 
neurosurgical patients? 7’ and is a useful adjunct during 
transsphenoidal surgery. Its short context-sensitive half- 
time ensures rapid offset of action when the infusion is 
discontinued. Although this will allow rapid emergence 
from anaesthesia, it is essential that longer-acting opioids 
are administered before the end of surgery so that patients 
do not awaken in pain. The administration of intravenous 
morphine or intramuscular codeine 20-30 min before the 
end of surgery has been recommended.”* Bilateral maxillary 
nerve block with local anaesthesia has also been described 
as a method of preventing the hypertensive response to 
transsphenoidal surgery during general anaesthesia.’? 


Monitoring 

Monitoring during pituitary surgery will include ECG, Spo, 
endtidal carbon dioxide and direct arterial blood pressure. 
Co-morbidities, especially in Cushing’s patients, may 
require additional invasive cardiovascular monitoring. If 
cavernous sinus invasion is suspected, and the patient is 
positioned in a steep head-up tilt, monitoring for the 
possibility of venous air embolus should be considered.*© 
Visual evoked potential (VEP) recording has been recom- 
mended for tumour surgery in the region of the visual 
pathways. Although VEP recording is widely used in 
diagnosis, its use in the operating room has been limited by 
the high incidence of false-positive and false-negative 
results”! Furthermore, the exquisite sensitivity of VEPs to 
anaesthetic agents has led some to suggest that, during 
anaesthesia, the waveforms are too unstable to be of much 
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practical use.'! In a recent study, peroperative VEP 


monitoring resulted in greater improvement in field 
defects after transsphenoidal pituitary surgery although 
postoperative improvement in visual acuity was not 
affected, ! 


Prophylactic antibiotics 

There remains debate over this issue. Although some 
neurosurgeons do not use prophylaxis and claim no 
problems, most units in the UK have adopted a consensus 
policy.’ This involves the administration of a cephalosporin 
(e.g. cefuroxime 1.5 g) at induction of anaesthesia and every 
3 h thereafter during surgery. No further doses are given in 
the postoperative period, to minimize the development of 
resistant organisms. f 


Operative complications 

Complications during transsphenoidal surgery are rare. 
Pituitary tumours are not usually vascular and the slight 
venous ooze that inevitably occurs can be controlled easily 
by gentle pressure. Other, more serious complications, 
occur if the neurosurgeon loses the anatomical landmarks of 
the fossa during transsphenoidal surgery. Deviation laterally 
may result in carotid damage, which is usually controllable 
by packing. Because of the risk of development of a false 
aneurysm in the postoperative period, carotid angiography 
should be performed. If an aneurysm is confirmed, it should 
be treated by endovascular radiological techniques or by 
clipping to prevent later rupture. If the surgeon misses the 
fossa altogether, damage to the pons may occur. This has 
serious consequences. The risk of these complications is 
minimized by frequent radiographic confirmation of the 
position during transsphenoidal surgery. 

Transcranial pituitary surgery carries similar risks to 
other intracranial procedures. Frontal lobe ischaemic dam- 
age because of prolonged traction can be minimized by 
careful placement and intermittent release of retractors. 
Trauma to the carotid artery or optic chiasm can also occur. 
The incidence of postoperative seizures is higher after 
subfrontal surgery than after other approaches. Some 
recommend the use of prophylactic anticonvulsant ther- 
apy” but others find the evidence unconvincing.”” Anosmia 
may also occur because of damage to the olfactory tract. 


Emergence from-anaesthesia 


Smooth and rapid emergence from anaesthesia following 
neurosurgery is essential to allow early neurological 
assessment and maintenance of stable respiratory and 
cardiovascular variables.® This is facilitated by the use of 
short-acting agents for maintenance of anaesthesia. At the 
end of transsphenoidal surgery, extubation is carried out 
after return of spontaneous ventilation, pharyngeal suction 
under direct vision, removal of the throat pack and return of 
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laryngeal reflexes. Smooth emergence can be facilitated by 
placing the patient in a semi-seated position and ensuring 
that there- is a response to verbal commands before 
extubation. Care should be taken to ensure that nasal 
packs or stents, put in place at the end of surgery, do not 
become dislodged during extubation. 


Postoperative care 


This consists of careful airway management, provision of 
adequate postoperative analgesia, appropriate fluid and 
hormone replacement and careful monitoring for post- 
operative complications. Following transsphenoidal sur- 
gery, patients seldom require prolonged nursing on a one-to- 
one basis unless there are significant co-morbidities. 
Following a period in the recovery room, the patient may 
usually be returned to a general ward. After transcranial 
pituitary surgery, patients should be managed in a 
neurosurgical intensive care or high-dependency unit for 
at least 24 h. 


Airway management 


Maintenance of a clear airway can be difficult and requires 
careful attention. The presence of blood in the nasopharynx 
and oropharynx, nasal packs and the predisposition of 
acromegalic patients to airway obstruction all tend to 
compromise airway patency. All patients must, therefore, be 
closely observed after transsphenoidal surgery until fully 
awake. Airway management 1s particularly important in 
acromegalic patients, especially in those with a history of 
sleep apnoed. Such patients should be nursed in a high- 
dependency environment through the first postoperative 
night when hypoventilation and respiratory obstruction may 
occur. Usual treatment options such as nasal CPAP cannot 
be applied after transsphenoidal surgery. Acute pulmonary 
oedema secondary to airway obstruction has been reported 
in this patient group.” 


Postoperative analgesia 


Transsphenoidal surgery usually causes only moderate 
postoperative pain but the feeling of nasal congestion 
from the presence of nasal packs is frequently distressing to 
patients. Craniotomy is more painful and stronger analgesia 
is required.’? Codeine phosphate has been the mainstay of 
postoperative analgesia in neurosurgical patients for many 
years because it was considered to be relatively free from 
unwanted side-effects such as sedation, respiratory depres- 
sion and pupillary changes. However, it is likely that this 
merely reflects underdosage and it is clear that pain after 
craniotomy can be more severe than previously appreci- 
ated.’* Attitudes to the management of postoperative pain in 
neurosurgical patients are changing. A recent double-blind 
study confirmed that intramuscular morphine is not associ- 
ated with more side-effects ‘after craniotomy and has a 
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longer duration of action than codeine.** Intravenous 


morphine administered via a PCA has been used success- 
fully in neurosurgical patients.” 


Hormone replacement 


It is safest to assume that all patients will require cortisol 
replacement in the short term. Replacement should be tailed 
down to maintenance levels within a few days. A standard 
regimen recommends hydrocortisone 50 mg bd on the first 
postoperative day, 25 mg bd on the second, reducing to 20 
mg in the morning and 10 mg in the evening by the third 
day. Patients usually leave hospital on this dose although 
it is higher than the normal replacement of 15 mg in the 
morning and 5 mg ın the evening. The evening dose should 
be given between 17.00 and 18.00 h. Patients with prolactin- 
secreting microadenomas can be weaned off hydrocortisone 
safely within the first few days without risk if =20% of the 
pituitary gland has been left behind at surgery. In 
Cushing’s disease, normal corticotrophs are heavily sup- 
pressed and replacement will be required for many weeks or 
months. Preoperative replacement of other hormones should 
be continued into the postoperative period, until review by 
an endocrinologist. Postoperative management by a multi- 
disciplinary team using locally developed protocols is 
crucial to successful endocrine management. 


Postoperative hormone complications 
These are rare but require careful and timely treatment. 


Diabetes insipidus 

This usually develops within the first 24 h and occurs when 
>80% of neurones synthesizing vasopressin are destroyed or 
become temporarily non-functional. It should be sus- 
pected if the patient is producing >1 litre of dilute urine in 
12 h, associated with a plasma Na” concentration of >143 
mmol litre™!. Urine output and specific gravity should be 
measured routinely after pituitary surgery. If problems 
develop, regular measurement of plasma and urinary 
osmolality is required.! Modest polyuria in the early 
postoperative period may be related to delayed excretion of 
the fluid given during surgery or corticosteroid-induced 
hyperglycaemia. Patients may feel thirsty after transsphe- 
noidal surgery, but this can be related to mouth breathing 
because of nasal packs rather than to diabetes insipidus. It is, 
therefore, essential that the diagnosis of diabetes insipidus is 
confirmed biochemically before treatment is instituted.'® A 
combination of increased plasma osmolality (>295 mosmol 
kg’), hypotonic urine (<300 mosmol kg~’) and a high urine 
output (>2 ml kg” h’) are the criteria on which the 
diagnosis should be based. Diabetes insipidus is easily 
treated with desmopressin acetate (DDAVP).!® However, if 
the patient is awake and has a normal thirst mechanism, it is 
safest to allow free access to fluid rather than attempt 
overzealous i.v. fluid and DDAVP replacement. Over- 


enthusiastic use of DDAVP may lead to hyponatraemia with 
its attendant problems of confusion, seizures and coma. 
Most borderline cases of diabetes insipidus resolve spon- 
taneously over a few days, as posterior lobe function 
recovers. Comatose patients, those with no thirst response 
and the minority in whom urine volumes are excessively 
large are at particular risk, both from under-hydration as a 
consequence of the diabetes insipidus or of over-hydration 
as a consequence of therapy. Careful treatment with 
DDAVP will usually be required under such circumstances. 
The recommended iv/im dose of DDAVP is 0.1 ug repeated 
as required. In the acute phase, a smaller dose of 0.04 jig i.v. 
provides an adequate response with a shorter duration of 
action. An oral preparation and a metered dose nasal spray 
are also available. Plasma Na* concentration and osmolality 
should be closely monitored until normal water balance has 
been re-established. Long-term DDAVP therapy is required 
in only a minonty of cases. 


Hyponatraemia 

The commonest cause of hyponatraemia after pituitary 
surgery is over-enthusiastic use of DDAVP. Rarely, it may 
occur because of the syndrome of inappropriate ADH 
secretion (SIADH) caused by non-specific release of ADH 
from degenerating posterior pituitary neurosecretory ter- 
minals.>? Tms results in water retention and secondary loss 
of urinary Na*. It is usually transitory and rarely lasts for 
>7-10 days. It is managed by fluid restriction which should 
be carefully monitored by regular measurement of plasma 
electrolytes. Rarely, hyponatraemia after intracranial neu- 
rosurgery may be associated not only with natiuresis but 
also with a tendency to diuresis, leading to a significant 
contraction of circulating and extracellular volumes. This 
phenomencn is known as cerebral salt wasting syndrome 
(CSW) and may be difficult to differentiate from SIADH. 
However, it is crucial that the diagnosis is made correctly 
because the treatment regimens of the two conditions are 
diametrically opposed.*? In SIADH the problem is one of 
extracellular volume expansion caused by water retention, 
and the best approach is to limit water intake to 500-1000 
ml day! depending upon the plasma Na* concentration. In 
CSW, fluid restriction will not correct the hyponatraemia 
and will, in fact, be harmful because it will further reduce 
intravascular volume. Hypertonic saline is used to correct 
the hyponatraemia of CSW. Correction of low Na* 
concentrations should always take place over 24-48 h, at 
a rate to increase plasma Na* concentration by <1 mmol h. 
Too rapid correction may result in central pontine 
myelinolysis.” 
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Disease of the thyroid gland is common. For example, in 
endemic areas, the incidence of goitre is 15-30% of the 
adult population.© Most anaesthetists, although their prac- 
tice may not include endocrine surgery, will frequently be 
required to manage patients with thyroid disease. Thyroid 
diseases that have anaesthetic implications tnclude hy- 
pothyroidism, hyperthyroidism and conditions requiring 
thyroidectomy. Those presenting with well-controlled 
hypo- and hyperthyroidism do not present much difficulty 
for the anaesthetist However, patients with uncontrolled 
myxoedema, or those with uncontrolled hyperthyroidism 
presenting as an emergency, are at considerable risk,*? 
Anaesthesia for thyroidectomy may be complicated by 
airway problems such as retrosternal extension of the gland. 
The anaesthetist should, therefore, pay particular attention 
to preoperative assessment of the arway and should be able 
to deal with acute airway complications in the perioperative 
phase. 


History 

In his book entitled The History of Endocrine Surgery, 
Richard Welbourn details the beginnings of thyroidect- 
omy.°? Goitres were recognized in antiquity and were 
described in Chinese literature in 2700 Bc. Since they 
were never endemic around the Mediterranean, there 
was no mention of goitre in Egyptian or Greek writings. 
In the twelfth and thirteenth centuries, the school of 
Salerno in Italy was the cradle of thyroid surgery. At 
that time goitres were removed using horrific-sounding 
instruments such as setons, hot irons, stypics and 
asphodel powder. The American surgeon William 
Halsted could trace accounts of only eight operations 
in which the scalpel was used between 1596 and 1800. 
During one of these procedures, described by Fabricius 
in 1646, the patient, a 10-yr-old girl, died on the table 
and the surgeon was gaoled! In 1821, Hedenus reported 
the successful removal of six suffocating goitres by 
dissection and ligation of all the arteries. Needless to 
say, these operations were prone to complications which 
were often fatal and, in 1850, the French Academy of 
Medicine condemned operations on the thyroid gland. 


However, the advances of anaesthesia, antisepsis and 
haemostasis allowed surgeons, such as Billroth of 
Vienna and Kocher of Berne, to perform many more 
thyroid operations with reduced mortality. In 1849, 
Nikolai Pirogoff of St Petersburg was the first to use 
general anaesthesia for a thyroid operation. He used 
ether on a girl of 17 yr whose goitre was causing 
tracheal compression.” 

Thomas Peel Dunhill performed his first thyroidect- 
omy in 1907 under local anaesthetic ™% He developed 
surgery as an effective and safe treatment for thyrotox- 
icosis and in 1911 presented his series of 230 cases of 
exophthalmic goitre, which included only four deaths. 
Other notable thyroid surgeons included Charles Mayo 
and George Crile. 

In the UK, Stanley Rowbotham was a pioneer of 
anaesthesia for thyroid surgery;!® with his surgeon Cecil 
Joli, he performed 946 goitre operations between 1941 
and 1944, Although these operations were performed 
before the introduction of antithyroid drugs, by Astwood 
in 1943,’ there were only nine deaths in the series. 
Rowbotham combined local analgesia with light general 
anaesthesia and even contrived, at the request of the 
surgeon, to get the patient to strain when the 
haemostatic sutures were in place. He used one breath 
of ether to accomplish this manoeuvre.’ 


Patients with thyroid disease scheduled for 
non-thyroid surgery 


Hypothyroidism 


The incidence of hypothyroidism depends on the level of 
iodide in the diet. The prevalence of overt hypothyroidism 
in iodine-sufficient areas is five per 1000 and that for the 
subclinical form is 15 per 1000.5 Hypothyroidism may 
result in depression of myocardial function, decreased 
spontaneous ventilation, abnormal baroreceptor function, 
reduced plasma volume, anaemia,®” hypoglycaemia, hypo- 
natraemia and impaired hepatic drug metabolism.°” 
Hypothyroid patients should be rendered euthyroid before 
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surgery? and, as with other types of endocrine surgery, 
close communication with the metabolic physicians is 
advised. It should be remembered that, because thyroxine 
(T4) has a half-life of 7 days, it will not have an effect for 
some time after administration. The half-life of tri- 
iodothyronine (T3) is 1.5 days. The combination of 
intravenous T3 and T4 is recommended in the management 
of preoperative myxoedematous coma, which is an 
extremely rare occurrence. Careful administration is essen- 
tial, particularly in the elderly, as angina may be precipi- 
tated. 

There is some debate about whether or not surgery should 
be postponed in a mild or subclinical hypothyroid patient.’ 
It is logical to avoid premedication in overtly hypothyroid 
patients and to use regional anaesthesia wherever possible. 
T4 may be omitted on the morning of surgery but it is 
advisable to give the patient’s usual morning dose of T3. 
The presence of a hypometabolic state necessitates careful 
perioperative cardiovascular monitoring and judicious use 
of anaesthetic drugs. 

Preventative measures should be adopted to protect 
against hypothermia. Because of an increased incidence of 
adrenocortical insufficiency and a reduced adrenocortico- 
tropic hormone response to stress, hypothyroid patients 
should receive hydrocortisone cover during periods of 
increased surgical stress.°’ There are several reports of 
severe cardiovascular and respiratory depression in hy- 
pothyroid patients during general anaesthesia. 
Hypothyroidism should therefore be considered in any 
obese, debilitated patient who displays perioperative 
cardiovascular or respiratory instability.” 


Hyperthyroidism 

Thyrotoxicosis affects approximately 2% of women and 
0.2% of men in the general population.”” The prevalence of 
overt hyperthyroidism in iodine-sufficient areas is two per 
1000 and that of subclinical hyperthyroidism is six per 
1000.°° The classical features of thyrotoxicosis are well 
known and include hyperactivity, weight loss and tremor. 
Of importance to the anaesthetist are the cardiovascular 
effects of hyperthyroidism including atrial fibrillation, 
congestive cardiac failure and ischaemic heart disease.“ 
Thrombocytopaenia may be associated with thyrotoxico- 
sis.’ General anaesthesia should be considered as the 
method of choice for patients with exophthalmos requiring 
eye surgery.” 

In an attempt to prevent the dreaded complication of 
‘thyroid storm’, patients should be euthyroid before sur- 
gery.’ 36 This is achieved by the use of antithyroid drugs, 
commonly carbimazole or propylthiouracil. These drugs 
block the synthesis of thyroxine but take 6-8 weeks to work. 
Beta-blockers, particularly propranolol, are used to ameli- 
orate the effects of thyrotoxicosis’? and are effective in the 
acute preoperative phase. Longer-acting beta-blockers such 
as atenolol or nadolol may achieve better control of 


symptoms.” 35 Anaesthetic drugs may be affected by the 
hypermetabolic state of hyperthyroidism. For example, the 
clearance and distribution volume of propofol are increased 
in hyperthyroid patients. When total intravenous anaesthe- 
sia is used, propofol infusion rates should be increased to 
reach anaesthetic blood concentrations.”! 


Thyroid crisis 

The hypermetabolic crisis known as ‘thyroid storm’ is 
frequently mentioned in textbooks of anaesthesia’ but is 
now rarely seen because of the widespread use of anti- 
thyroid drugs, such as carbimazole, and beta-blockers. 
However, thyroid crisis still occurs in uncontrolled 
hyperthyroid patients as a result of a trigger such as 
surgery, infection or trauma. Pugh and colleagues 
described a case following Caesarean section’? and 
Naito and colleagues described a tragic case resulting 
from active metastatic thyroid carcinoma in a severely 
burned patient. Supportive management of thyroid 
crisis includes hydration, cooling, inotropes and, for- 
merly, steroids. Beta-blockade, using propranolol, and 
antithyroid drugs are used as the first-line of treatment. 
Esmolol was successful ın treating a child of 14 months 
who developed a thyroid crisis 3 h after thyroidect- 
omy.*’ An 85-yr-old with multinodular goitre and severe 
thyrotoxicosis was also managed with esmolol.” 
However, it should be noted that thyroid crisis has 
been reported during beta-blockade.®° An acute thyroid 
crisis on induction of anaesthesia, which was mistakenly 
diagnosed as malignant hyperthermia, was treated 
successfully by boluses of dantrolene 1 mg kg ~!° 
Christensen and Nissen reported the successful use of 
dantrolene to treat thyroid crisis in a child who had not 
responded to traditional measures.'® Since thyroid hor- 
mones sensitize the adrenergic receptors to endogenous 
catecholamines, magnesium sulphate would seem to be, 
theoretically, a useful drug. Magnesium reduces the 
incidence and severity of dysrhythmias caused by 
catecholamines (James MFM, personal communication). 


Thyroidectomy 


The indications for thyroidectomy include: proven or 
suspected thyroid malignancy; obstructive symptoms; retro- 
sternal goitre, even in the absence of obstruction; 
hyperthyroidism that is unresponsive to medical manage- 
ment; recurrent hyperthyroidism; cosmetic reasons; anxiety 
(patients with a small goitre may insist on having it 
removed); patients with Hashimoto’s disease, goitre and 
hypothyroidism usually respond to thyroxine therapy, but 
thyroidectomy would be indicated if there is any suspicion 
of superimposed lymphoma.”° 
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Fig 1 Chest x-ray showing gross tracheal compression and deviation by a 
retrosternal goitre 


Preoperative assessment 
General history taking and examination of patients sched- 
uled for thyroidectomy should include identification of 
abnormalities of thyroid function. Besides symptoms and 
signs of hypo- and hyperthyroidism, evidence of other 
medical conditions should be sought, particularly cardior- 
espiratory disease and associated endocrine disorders. For 
example, patients who require thyroidectomy for medullary 
cancer may have an associated phaeochromocytoma.'”! 

Problems with airway management will be the main 
concern of the anaesthetist when confronted by a patient 
with a goitre. The patient may give a history of respiratory 
difficulties, for example positional dyspnoea, and this may 
be associated with a degree of dysphagia. As described later, 
patients with retrosternal goitre may exhibit signs of vena 
caval obstruction. Other assessments of the airway will 
include assessment of distances between incisors, the 
thyromental distance, the degree of protrusion of the 
lower teeth, head and neck mobility and observation of 
pharyngeal structures. ”° 

Routine investigations include thyroid function tests, 
haemoglobin, white cell and platelet count, urea and 
electrolytes, including serum calcium, chest x-ray and 
indirect laryngoscopy. Patients may have had fine needle 
aspiration as a diagnostic test in the out-patient clinic. show tracheal compression in the antero-poste plar 
An ENT colleague routinely performs indirect laryngo- (Fig. 2). 





Fig 2 Lateral thoracic inlet x-ray showing trachea 
posteriorly 


scopy in order to document any preoperative vocal cord Other investigations, while not routine, will b 
dysfunction. This investigation is useful to the certain cases. Computerized tomography (CT) ca vid 
anaesthetist since the need for a fibreoptic instrument excellent views of retrosternal goitres” (Fig. 3): compare the 


to view the vocal cords, if indirect laryngoscopy is reconstructed CT scan in Fig. 4 with the chest 
unsuccessful, will alert the anaesthetist to the probability same patient (Fig. 1). 
of a difficult intubation. Magnetic resonance imaging (MRI) has the ad 

A chest x-ray (Fig. 1) is requested to seek evidence providing images in the sagittal and coronal plane 
of tracheal compression and deviation and lateral as transverse views”? (Figs 5-7). The coronal vi th 
thoracic inlet views have traditionally been used to patient (Fig. 6) indicated that it would not be possible to se 


Fig 3 CT scan of retrosternal goitre 
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Fig 4 Reconstructed CT scan 


Fig 5 Sagittal MRI scan of goitre 
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Fig 7 Transverse MRI scan of goitre 


the larynx by direct laryngoscopy and so fibreoptic 
intubation was planned. 

The usefulness of respiratory function tests is debatable. 
Respiratory flow volume loops showed upper airway 
obstruction in 33% of 153 consecutive patients presenting 
with thyroid enlargement. This was unrelated to the type or 
size of goitre.” 

Following a careful history and examination and with 
the assistance of a number of investigations, the 
anaesthetist can be in a position to discuss with the 
patient the various options for airway management. 
These options will include straightforward intravenous 
induction with tracheal intubation, inhalational induction 
or fibreoptic intubation. The patient should be warned 
what to expect postoperatively and an anxiolytic 


premedication prescribed. 
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Fig 8 Armoured tracheal tube. 


Anaesthetic technique 


Regional anaesthesia 


It is possible to perform thyroidectomy under bilateral deep 
or superficial cervical plexus blocks.” There are, however, 
a number of complications of this technique, including 
vertebral artery puncture, epidural subarachnoid spread and 
bilateral phrenic nerve block. Regional anaesthesia is a 
useful alternative for particular circumstances, for example, 
thyroidectomy for amiodarone-induced hyperthyroidism.*° 
Thyroidectomy under regional anaesthesia is not routinely 
practised in the UK. 

In some parts of the world, thyroidectomy is performed 
under acupuncture, with or without supplementary anal- 
gesics.*° Hypnosedation, a combination of hypnosis and 
light conscious sedation, has been suggested for endocrine 
surgery including thyroidectomy. 


General anaesthesia 


General anaesthesia with tracheal intubation and muscle 
relaxation is the most popular anaesthetic technique for 
thyroidectomy. The laryngeal mask airway (LMA‘t)'* has 
been used with spontaneous respiration and intermittent 
positive pressure ventilation in thyroid surgery.** ** ® This 
technique requires close co-operation between surgeon and 
anaesthetist. Relative contraindications to the use of the 
LMA include tracheal narrowing and/or deviation. 

As described in the section on postoperative complica- 
tions, use of the LMA allows vocal cord movement to be 
seen via a fibreoptic laryngoscope when the recurrent 
laryngeal nerve is stimulated." However, there is a risk that 
the LMA will be displaced during surgery and laryngos- 
pasm occurs in relation to surgical manipulation." Use of 


+ LMA? is the property of Intavent Limited. 


Fig 9 ‘North-polar’ tracheal tube. 


the intubating laryngeal mask in a patient with a large goitre 
proved difficult because of deviation of the laryngeal inlet.”° 

Induction of anaesthesia for routine thyroidectomy, when 
no difficulty with intubation is expected, is straightforward. 
The trachea is intubated usually using conventional 
laryngoscopy. The tracheal tube should not kink when it 
attains body temperature during prolonged surgery, so a 
reinforced tube should be considered (Fig. 8). ‘North-polar’ 
oral tracheal tubes (Fig. 9) are an alternative as they keep the 
respiratory filter away from the surgical field. Nasal tracheal! 
tubes may also be used although vasoconstriction will be 
required to prevent epistaxis. It is wise to select a small 
reinforced tracheal tube if there is any degree of tracheal 
compression. 


Unexpected difficult intubation 

Occasionally, even though no difficulty has been predicted, 
the larynx is not easily seen, so the anaesthetic team must be 
experienced and prepared to cope with an unexpected 
difficult intubation. Items which should be available to deal 
with such a situation include: various sizes of tracheal tubes: 
gum elastic bougies; a levering laryngoscope:"' straight- 
bladed laryngoscopes; an LMA;'* ready access to an 
intubating fibrescope; and some means of trans-tracheal 
ventilation. 


Expected difficult intubation 

If preoperative airway assessment and/or the inability of the 
ENT surgeon to see the vocal cords by indirect laryngo- 
scopy have predicted any difficulty with intubation, then the 
anaesthetist must have a clear strategy for intubation. The 
anaesthetist should expect that 6% of tracheal intubations 
for thyroid surgery will be difficult.°' It has been reported 
that the ease of intubation was unrelated to the extent of 
abnormality seen on imaging studies of the neck.” 
Whenever there is concern that the airway will be lost if 
anaesthesia is induced, awake fibreoptic intubation is the 
method of choice. The traditional technique of inhalational 
induction has regained acceptability following the intro- 
duction of sevoflurane.*’ ° It may be adopted when the 
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Fig 10 Patient position. 


patient is extremely anxious about awake intubation, and the 
anaesthetist believes that the size of the goitre will not cause 
the airway to be lost after induction of anaesthesia. 


Positioning the patient 

After intubation, by whatever means, the position of the 
tracheal tube is checked, the tube is secured and the patient’s 
eyes are protected. These practical points are important as 
the use of head towels prevents the anaesthetist from 
inspecting the patient's face during the procedure. Particular 
care should be taken when the patient suffers from 
exophthalmos. 

The patient is positioned with a sandbag between the 
shoulder blades and the head resting on a padded ‘horse- 
shoe’ or Whitlock headrest” (Fig. 10). Both arms are 
placed by the side, as the surgeon will need to stand on 
either side of the patient. A long connector for the i.v. 
infusion allows access from the foot of the bed. A 25° 
upward tilt of the head will assist venous drainage, although 
this should be performed with careful attention to arterial 
pressure, particularly in patients who have been receiving 
beta-blockers. Finally, slight head extension will allow the 
surgeon excellent access to the thyroid gland. 


Surgical technique 

The skin is infiltrated with 10-20 ml of 0.5% bupivacaine 
and epinephrine 1:200 000. Skin flaps are raised and the 
strap muscles separated in the midline. It is rarely necessary 
to divide the strap muscles. The upper pole is mobilized and 
the superior thyroid vessels ligated. Mobilization of the lobe 
is completed and the parathyroid glands and recurrent 
laryngeal nerve are identified routinely and protected during 
dissection of the thyroid from the trachea. Haemostasis is 
secured and the strap muscles and platysmal layers apposed. 
The skin is closed with staples.” 


Postoperative care 

Residual neuromuscular block is reversed and the patient is 
allowed to recover from anaesthesia. If there has been any 
concern during dissection of the recurrent laryngeal nerve, 
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the vocal cords are checked and the surgeon reassured, A 
fibreoptic endoscope may be used to view the vocal cords 
atraumatically.°”? When adequate spontaneous respiration 
and laryngeal reflexes have returned, the patient is 
extubated. Every attempt should be made to prevent 
coughing, ?? *° %” 6 although recent chest infection” or a 
history of cigarette smoking”? may make this difficult. If 
there is no immediate respiratory obstruction, the patient is 
transferred to the recovery ward. The patient is carefully 
observed for the development of a cervical haematoma and 
is returned to the ward after attaining appropriate discharge 
criteria. Signs of hypocalcaemia are treated by calcium 
supplements and, following total thyroidectomy, thyroxine 
100 ug daily is prescribed. Postoperatively, vocal cord 
function is examined by indirect laryngoscopy before 
discharge. The new technique of video laryngostroboscopy 
is an accurate means of diagnosing vocal abnormalities after 
thyroidectomy, although it may not be cost-effective.** 


Thyroidectomy in special situations 


Hyperthyroidism 


Thyroidectomy is offered to patients with autoimmune 
hyperthyroidism (Graves’ disease) when medical treatment 
proves inadequate. Patients should be euthyroid before 
surgery. Approximately three patients per 1000 are unable 
to take antithyroid drugs because of serious adverse 
reactions, the most severe of which include agranulocytosis, 
hepatitis, aplastic anaemia and lupus-like syndromes.’ The 
clinical manifestations of thyrotoxicosis are usually con- 
trolled by beta-blockers and it has been suggested that beta- 
blockers alone may be adequate preparation for thyroidect- 
omy.*” Traditionally, Lugol's iodine has been given for 10 
days preoperatively, in a dose of 0.5 ml three times a day, to 
reduce bleeding, as antithyroid drugs make the thyroid more 
vascular. Although this contention was supported by 
measuring thyroid blood flow using uptake of a radioisotope 
of thallium." many surgeons have abandoned this practice. 
This is because the thyroid gland is now usually dissected 
without transection, 


Huge goitres 

Endemic goitre still exists in many parts of the world.*” 
Huge nodular goitres can occur, with a neck circumference 
of about 60 cm (Fig. 11). The specimen from this patient 
weighed 700 g (Fig. 12). While these goitres may have a 
dramatic appearance, they often present fewer problems 
than smaller retrosternal goitres.*” The problems associated 
with huge goitres include difficult intubation (although 
lifting the goitre anteriorly usually relieves airway obstruc- 
tion), large blood loss, prolonged operating time and post- 
operative tracheomalacia.*® *’ Blood loss is less of a 
problem when the surgeon dissects the thyroid without 
transecting it, as shown in Fig. 12. Use of a small armoured 
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Fig 11 Patient with large goitre. 


tracheal tube is recommended to negotiate the compressed 
and deviated trachea. An armoured tracheal tube is less 
likely to kink during surgical manipulation, while unar- 
moured tubes may soften during these prolonged proced- 
ures. 


Retrosternal goitre 
Retrosternal enlargement of the thyroid can be asympto- 
matic’ but usually causes compression of mediastinal 
structures (Fig. 4). Dyspnoea, choking and hoarseness may 
occur. Dysphagia is the most common oesophageal symp- 
tom but a case has been reported where bleeding from 
varices was the first presentation of a retrosternal goitre.* 
Superior vena caval syndome can occur and may be 
complicated by thrombosis.’ Retrosternal goitres may 
also cause cerebral hypoperfusion as a result of arterial 
compression and thyrocervical steal, phrenic and recurrent 
laryngeal nerve palsies, Horner’s syndrome, pleural effu- 
sions, chylothorax and pericardial effusions.” 

Although some retrosternal goitres are large, the vast 
majority can be removed by the cervical route.’' As the 


surgeon manipulates the retrosternal gland, compression of 


the trachea can be worsened. During excision of the 





Fig 12 Specimen of large goitre; width 15 cm, weight 70 


retrosternal goitre shown in Fig. 13, obstructive symptoms 


were relieved when a retrosternal cyst within the goitre 
ruptured, Of 21 patients requiring surgery for acute, life 
threatening airway obstruction resulting from goitre, only 
one required sternotomy.” Since parathyroid surgery also 


occasionally requires mediastinal exploration, the endocrine 


theatre team should be able to perform sternotomy 
Dissection in the neck may stimulate the carotid sinus and 
this, coupled with median sternotomy, can produce pro 
found vagal stimulation leading to bradycardia and ever 
sinus arrest. Tracheal deviation and compression resolve 
immediately after excision of the goitre, but tracheomalacia 
should be anticipated when the patient has complained of a 
goitre of longstanding. Figure 14 shows the appearance 
immediately postoperatively of the patient in Figs | and 4 
Note that some tracheal dilation remained above the site of 
the original compression. 

Thyroid cancer 

When thyroidectomy is performed for removal of a thyroid 
cancer, there is potentially a greater risk of damage to th 
recurrent laryngeal nerve.*’ Medullary carcinoma may be 
associated with phaeochromocytoma in patients with mul 
tiple endocrine neoplasia (MEN) type 2”! (see ‘Hormones 
and the gut’ by Holdcroft, this issue). Medullary and 
papillary carcinoma spread to local lymph nodes and may 
require block dissection of the neck. These tumours ma 

involve surrounding tissue, for example, muscle. Follicuclar 
carcinoma spreads via the blood to lungs and bone, and 
metastases can produce thyroxine ° Lymphom: diag 
nosed by fine needle aspiration or core biopsy and is usual! 

treated by radiotherapy. Anaplastic carcinoma is extremely 
malignant and usually only palliative radiotherapy 1s 


indicated. 


Rarely is a patient’s condition allowed to progress to 


severe respiratory distress before surgical intervention 1s 
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Fig 13 Retrosternal goitre with severe tracheal compression 





immediate 


Fig 14 Post-operative chest x-ray showing recovery of 


tracheal position 


recommended. Percutaneous dilatational tracheostomy has 
been performed to relieve severe airway obstruction as a 
palliative measure.' A large neglected thyroid lymphoma 
with associated supraglottic oedema was managed by 
controlled tracheotomy following femoro-femoral cardio- 
pulmonary bypass that had been initiated under local 
anaesthetic. This is described as the ultimate solution to 
the problem of a difficult airway!'! 


Multiple endocrine neoplasia 

Patients with MEN2 are at risk of early medullary thyroid 
cancer. Prophylactic thyroidectomy is advocated in children 
of MEN2 families, who are shown by genetic screening to 
mutation of a Children with 


carry a proto-oncogene, 








Fig 15 Patient with medium sized goitre 


MEN2B should have thyroidectomy in the first year of 
life.” °* I have anaesthetized two siblings, aged 10 yr and 8 
yr, for prophylactic thyroidectomy. Histopathology re- 
vealed islands of pre-malignant cells in the specimen from 
the younger child. 


Lingual thyroid 

Embryologically, the thyroid grows from the third and 
fourth branchial arch and from the foramen 
caecum towards the neck. If its development is arrested, a 
lingual thyroid may result. This can be diagnosed by 
thallium or technetium scan and should be treated with 


descends 


respect, as it may be the patient’s only thyroid tissue. 
Furthermore, it may bleed 
attempted. The presence of a lingual thyroid should alert 
the anaesthetist to a potential difficult intubation.*° 


excessively if biopsy is 


Concomitant disease 


Patients who require thyroidectomy may have other unre- 
lated diseases that affect their anaesthetic management. 
Figures 15 and 16 show a patient with a medium sized goitre 
and minimal neck extension. His chest x-ray (Fig. 17) 
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Fig 16 Minimal neck extension. 


confirmed the clinical impression of tracheal deviation. 
Careful inspection of the chest x-ray and the lateral x-ray of 
his cervical spine (Fig. 18) show the reason for the poor 
neck extension. This patient had severe ankylosing 
spondylitis but tracheal intubation was performed relatively 
easily by the awake fibreoptic technique.” 


Postoperative complications 


As complications often occur during procedures for recur- 


rent goitre, it is important to eliminate the former practice of 


‘partial thyroidectomy’. When total thyroidectomy is not 
indicated then, at least, total thyroid lobectomy should be 
performed. 


Extubation problems 

In general the incidence of respiratory complications at 
tracheal extubation and in the recovery room is greater than 
that at intubation. These complications include coughing, 
oxygen desaturation, laryngospasm and respiratory obstruc- 
tion. Coughing at extubation should be avoided, but this is 
often difficult to achieve, particularly if the patient has 
irritable airways because of smoking”? or recent respiratory 


Fig 17 Chest x-ray of patient in Fig. 15 showing tracheal compressior 
and rigid thoracic spine 


tract infection.”” Upper airway reflex sensitivity decreases 
with increasing age.” Possible preventive interventions 
include extubation during relatively deep 
administration intravenous 
alfentanil? and lidocaine. Lidocaine may be 
intravenously’? 

of the tracheal tube.*” 


inaesthesia 


of narcotics, for example 
idministered 
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or topically, or even prestored in the cuff 


Haematoma 


Postoperative haemorrhage is potentially catastrophic when 
one is operating on the neck, but can be avoided by 
meticulous haemostasis. The anaesthetist may be asked to 
maintain the patient's intrathoracic pressure positive for 1( 


20 s in order to assess haemostasis before wound closure 
the 


“Of 


Recovery ward staff should be experienced at observing 
early signs of haematoma formation so that both the 

and anaesthetist can be alerted. Traditionally, cliy 
were kept at the bedside to enable rapid 


Surge 

emove 
ener oO 
haematoma. If it is necessary to re-open the incision t 
relieve compression of the airway, then it 


open all layers. 


ssential to 


Repent surgery for haemorrhage is rare (0.3 f 3008 
5 one i 
cases).” Prompt decision-making is important and early re 


) should be 


intubation is recommended. The anaesthetic tean 


aware of the problems involved in the induction of 


anaesthesia in a patient for cervical *xploration 
Obviously, the later the intubation is performed, the more 
difficult it becomes as the haematoma pands and 


compresses the airway. 
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Fig 18 Lateral cervical spine x-ray of patient in Fig. 15 showing typical 
‘bamboo spine’ of ankylosing spondylitis 


Respiratory obstruction may be caused by laryngeal and 
pharyngeal oedema as a result of venous and lymphatic 
obstruction by the haematoma, rather than direct tracheal 
compression. Early re-intubation rather than precipitous re- 
opening of the incision is the best way to manage this 
complication (James MFM, personal communication). 


Recurrent laryngeal nerve damage 
Good operating technique with routine identification of the 
recurrent laryngeal nerve greatly minimizes accidental 


nerve injury.” Injury to the recurrent laryngeal nerve can 
occur by a number of mechanisms, including ischaemia, 
contusion, traction, entrapment and actual transection. The 
incidence of temporary unilateral vocal cord paralysis 
resulting from damage to the recurrent laryngeal nerve is 
3-4%.*° Permanent unilateral vocal cord paralysis occurs in 
<1% of patients”! and bilateral vocal cord paralysis should 
be extremely rare. There is a greater risk of nerve damage 
during surgery for malignancy*” and secondary operations. 
Anatomical variability’ and distortions will increase the 
risk of nerve injury, particularly when the surgeon is 


inexperienced. 
The surgeon may seek reassurance by asking the 


anaesthetist to observe the movement of the vocal cords at 
the end of surgery. This may prove difficult as the patient is 
emerging from the anaesthetic. Rather than using a 
Mackintosh laryngoscope, vocal cords may be observed 
using a fibrescope.™” The LMA may be used to maintain the 
airway during this procedure. 

Attempts to protect the recurrent laryngeal nerve during 
thyroidectomy have involved detecting vocal cord move- 
ment after stimulation of the nerve. Vocal cord adduction 
causes pressure changes in the inflatable cuff of a tracheal 
tube placed between the cords.'” A fibreoptic bronchoscope 
can be used to observe the vocal cords via an LMA during 
surgery.” Intraoperative electro-physiological monitoring 
has been performed?! using a tracheal tube with integrated 
EMG electrodes positioned at the level of the vocal cords. 
Succinylcholine is used to intubate the trachea and no 
further muscle relaxant When th 
laryngeal nerve has been identified, the nerve is stimulated 
with a current of 0.1 mA, increasing in 0.05 mA steps, until 
an evoked EMG is obtained. While it is unlikely that nerve 
stimulation will become routine for all thyroidectomies, it 
may be a useful technique when identification of the 
recurrent laryngeal nerve is expected to be difficult. 
However, it is expensive, time-consuming, requires the 
patient to breathe spontaneously and false-negative re- 
sponses may occur. Some surgeons are concerned about the 
effects of repeated nerve stimulation. 

Bilateral vocal cord paralysis will lead to stridor at 
tracheal extubation. Re-intubation will be required and 
tracheostomy should be considered. Unilateral vocal cord 
paralysis leads to glottic incompetence, hoarseness, breath- 


is used. e recurrent 


lessness, ineffective cough and aspiration. Traditional 
treatments of vocal cord paralysis include intracordal 
injection, laryngeal framework surgery, thyroplasty and 
laryngeal re-innervation. Endolaryngeal vocal cord later- 
ofixation*’ and transcutaneous intracordal silicon injection 
have been described.*' 


Tracheomalacia 

Tracheal collapse following thyroidectomy results from 
prolonged compression of the trachea by a large, neglected 
goitre, particularly within the confines of the thoracic 
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inlet.?! The incidence of tracheomalacia will depend on the 
frequency of this type of goitre. In a prospective study of 
103 patients in Khartoum, five patients required tracheost- 
omy for tracheomalacia.” It is a life-threatening complica- 
tion,” which should be considered before extubation, and 
management strategies should be available. The absence of 
a leak around the deflated cuff of the tracheal tube should 
alert the anaesthetist to the possibility of tracheomalacia. 
After intubation, Sinha and colleagues measure the volume 
of air required to inflate the cuff of the tracheal tube so that 
an airtight seal 1s produced. A similar test is performed at 
the end of the procedure and tracheomalacia can be detected 
if there is any decrease in the volume required to inflate the 
cuff to an airtight seal at the end of the procedure.* 
Management of tracheomalacia requires urgent re- 
intubation, possibly tracheostomy and some form of 
tracheal support?! with, for example, ceramic rings.’ 


Laryngeal oedema 


Generalized myxoedema of hypothyroidism may involve 
the larynx, giving a characteristic hoarse voice. Laryngeal 
oedema has also been reported as an unusual presentation of 
thyroid lymphoma.”’ Laryngeal complications of tracheal 
intubation can be seen during the postoperative indirect 
laryngoscopy which is performed to identify recurrent 
laryngeal nerve damage. Oedema and traumatic lesions 
were noted in 4.6% of patients.°*! 

While trauma to the larynx from the tracheal tube will 
cause minor swelling, laryngeal oedema is a rare cause of 
post-thyroidectomy respiratory obstruction. In the case 
reported by Bexton and Radford,!* laryngeal oedema was 
associated with a large haematoma; it was postulated that 
the swelling was secondary to venous obstruction. 


Hypocalcaemia 


The incidence of hypocalcaemia will depend on the type of 
surgery performed. After thyroidectomy for large multi- 
nodular goitre, temporary hypocalcaemia requiring calcium 
replacement occurred in 20% of patients. This usually 
occurs about 36 h postoperatively. Only 3.1% of patients 
remained permanently hypocalcaemic.*? Unintentional 
parathyroidectomy occurred in 11% of a series of 414 
thyroidectomies. This might be reduced by more careful 
inspection of the thyroid capsule.” 


Wound complications 


Wound infection should be a rare complication and a well 
positioned incision should provide a good cosmetic result. 
Care should be taken during elevation of skin flaps to avoid 
damage to the anterior cutaneous nerve of the neck. Damage 
to this structure produces numbness, which could prove 
inconvenient, for example to men when shaving. ”* 
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Postoperative nausea and vomiting 


Patients undergoing thyroidectomy are at a high risk for the 
development of postoperative nausea and vomiting 
(PONV) and therefore are often used to study the anti- 
emetic properties of drugs. Granisetron,”? lorazepam 
premedication,” propofol for maintenance of anaesthesia,** 
subhypnotic doses of propofol”* and positive therapeutic 
suggestions during neurolept anaesthesia”? have all been 
shown to be effective in reducing nausea and vomiting 
following thyroidectomy. 


Postoperative pain 


Patients usually tolerate thyroidectomy very well and 
require minimal postoperative analgesia. They often com- 
plain of a stiff neck because of the position during surgery, 
rather than pain from the site of the incision. 


Future developments 


There are various pressures upon clinicians to reduce bed 
occupancy. Thyroidectomy as an outpatient procedure has 
been described,** but patient selection, anaesthetic tech- 
nique, careful observation before discharge, and community 
support are key factors in this situation. Interestingly, two of 
the 203 patients in this series required re-operation for 
postoperative bleeding.°© 

Minimally invasive techniques have been developed in 
many surgical subspecialties, including endocrine surgery. 
Laparoscopic adrenalectomy is widely practised and endo- 
scopic parathyroidectomy has been reported.© What of the 
thyroid gland? Laser-induced reduction of thyroid tissue has 
been performed on an animal model,” but further work 
needs to be done before this can be used to treat 
hyperthyroid humans. 


Summary 


In summary, disease of the thyroid gland 1s common. 
Anaesthetists will be required to manage patients with 
hypothyroidism and hyperthyroidism and those requiring 
thyroidectomy. Since anaesthesia for thyroidectomy pro- 
vides many challenges of airway management, the anaes- 
thetist should pay particular attention to preoperative 
assessment of the airway and should be able to deal with 
acute airway complications in the perioperative phase 
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Historical notes 


The parathyroid glands were first described in 1850 at the 
autopsy of an Indian rhinoceros by Sir Richard Owen, 
conservator of the Hunterian Museum of the Royal College 
of Surgeons of England. Thirty years later, an illustrated 
anatomical and histological description in animals and 
humans was given by Ivar Sandstrom, a medical student 
from Uppsala.® Felix Mandl in Vienna was the first to 
undertake parathyroid surgery in 1925, successfully remov- 
ing a parathyroid adenoma in a patient with osteitis fibrosa 
cystica.°® In the same period, the first American patient 
diagnosed with hyperparathyroidism needed seven oper- 
ations before an adenoma was found in the mediastinum.® 
Parathyroid hormone (PTH) extracts were first prepared 
in the early 1920s.!’ 78 The understanding of parathyroid 
physiology was influenced by the landmark metabolic 
studies of Fuller Albright in the Renal Stone Clinic or 
‘Quarry’ at the Massachusetts General Hospital.’ In the 
1980s, PTH was sequenced, its gene? * and its receptor 
were cloned™ and improved chemiluminescent immunoas- 
says for intact PTH were developed. The recent cloning of 
the calcium receptor in 1993'! opened new perspectives for 
understanding the regulation of parathyroid function. 


Parathyroid embryology and anatomy 


In all vertebrate species, the parathyroid glands are derived 
from the endoderm of the pharyngeal pouches.*° Before the 
appearance of the thymic rudiment from the third 
pharyngeal pouch, its epithelium differentiates as the 
primordium of the inferior parathyroid gland. Parathyroid 
QI rudiments remain connected to the thymus and are 
carried with it in its caudal migration. They are usually 
found close to the inferior thyroid poles but may descend 
with the thymus into the thorax or may not descend at all, 
remaining above the carotid bifurcation. 

The superior parathyroid glands develop from the fourth 
pharyngeal pouches and are therefore referred to as 
‘parathyroid IV’. They come into relation with the lateral 
lobes of the thyroid gland to which they become anchored 
and, therefore, usually remain cranial to parathyroid OI. The 


superior parathyroid glands are more constant 1n location 
and are usually midway along the posterior thyroid borders 
(where the inferior thyroid artery enters the gland or at its 
intersection with the recurrent laryngeal nerve). 

Gilmour, after dissection of 547 cadavers, found four 
parathyroid glands in the majority (87%); the others had 
three glands (6%), two glands (0.1%) or supernumerary 
glands.>? 

‘Classical’ embryology cannot explain the involvement 
of the parathyroid glands in multiple endocrine neoplasia 
type 2 (see review by Holdsworth in this issue), where 
patients present with tumours of endocrine cells of 
neuroectodermal origin, i.e. medullary thyroid carcinomas 
(thyroid parafollicular C cells) and phaeochromocytomas 
(adrenal medulla). It has been postulated that the parathyr- 
oid glands initially contain both endodermal and ectodermal 
elements and that, presumably, the endodermal component 
predominates when the functional stage of hormone 
production begins.’? Although not agreed by all,f! the 
mesenchymal components of the parathyroids are con- 
sidered to have ectodermal origin, similar to that from the 
glands arising from the pharyngeal and buccal epithelium 
(e.g. pituitary, thyroid, salivary).’© Furthermore, morpho- 
logical characteristics of the parathyroid glands support an 
ectodermal origin: immunohistochemically, normal and 
neoplastic human parathyroid cells exhibit neuroendocrine 
markers, such as neurone-specific enolase, chromogranin 
and dopa decarboxylase and rat parathyroid cells contain the 
neuroendocrine marker, protein $100.'° Taken together 
with prior findings of somatostatin, gastrin and pancreatic 
polypeptide ın human parathyroid glands,’™ it is postulated 
that parathyroid glands and tumours contain neural crest 
elements. 


Overview of calcium homeostasis 


Calcium is an essential element throughout the phylo- 
genetic tree, in mammals it has important extracellular 
and intracellular functions (Table 1). In humans, there 
are about 27 000 mmol of calcium in bone contained in 
hydroxyapatite and only 70 mmol of calcium within 
intracellular and extracellular fluids. The extracellular 
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Table 1 Site and function of calcium im humans (adapted from 12) 


Form Locations 


Intracellular soluble Cytosol, nucleus, endoplasmic reticu- 


lum, mitochondna 


Intracellular insoluble (sequestered) Cytosol, nucleus, endoplasmic reticu- 
lum, mitochondna 

Extracellular soluble Extracellular fluids 

Extracellular insoluble Bones, teeth 


calcium occurs in three forms: as non-ionized, protein- 
bound (approximately 50%), as calcium—anion com- 
plexes (5%) and as ionized divalent cations (approxi- 
mately 45%). For this reason the albumin concentration 
affects the amount of total calcium and the corrected 
concentration is always reported (reference range 2.20- 
2.70 mmol htre™’). It is the free (ionized) extracellular 
calcium concentration ([Ca?*]-x;) that influences all the 
physiological effects. 

[Ca] x is maintained within a narrow range (1.0-1.3 
mM) by regulating the fluxes of Ca? into and out of the 
skeleton and across the epithelial cells of the kidneys and 
intestine. This tight control of [Ca”*].x¢ is achieved despite 
significant fluxes of Ca?" across the Ca”*-regulating tissues. 
For example, 10 g of Ca”* is filtered daily (and potentially 
lost) by the kidney, but 9.8 g is reabsorbed. 

Two major components of the control of calcium 
metabolism have been defined. First, Ca** sensors on cells 
recognize and respond to small, physiologically meaningful 
changes in the [Ca?*].,,, leading to appropriate changes in 
cellular function. For example, in response to hypercalcae- 
mia, parathyroid cells secrete less PTH and C cells of the 
thyroid secrete more calcitonin. Second, effector tissues 
(intestine, kidney and bone) respond to calciotropic hor- 
mones with changes in the transport of ions, to restore 
[Ca?*],,, to normal. 

Calcium homeostasis is controlled by vitamin D and the 
hormones PTH and calcitonin. 


Parathyroid hormone 


PTH plays a central role in the rapid control of calcium 
homeostasis. Its co-ordinated actions on bone, kidney and 
intestine increase the flow of calcium into the extracellular 
fluid and increase the concentration of calcium in blood. 
PTH is an 84 amino acid peptide with a molecular weight of 
9500 Da and a short half-life (2-3 min) in the circulation 
before being cleaved into an amino-terminal fragment 
(amino acids 1-34) and a carboxy-terminal fragment. Only 
the 1-34 fragment retains biological activity. PTH binds to 
specific receptors on the membrane of target cells: renal and 
bone cells, fibroblasts, chondrocytes, vascular smooth 
muscle, adipocytes and placental trophoblasts.’” 





Mass (% of total) Functions 

02 mg Intracellular second messenger, action potentials, nerve 
conduction, contraction, motility, metabolic regulation, 
cytoskeletal function, cell division, secretion 

9 g (0.9) Structural integnty, storage 

I g (0.1) Blood clotting, exocytosis, contracthon. intercellular adhe- 
sion 

~1 kg (99) Protection, locomotion, mineral storage 
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Effects of PTH on the kidney 

The distribution of PTH receptors and that of Ca** 

receptors overlap in the distal nephron,” allowing 

[Ca**]ex, to have a direct effect (through action on 

Ca** receptors) and an indirect influence (through 

modulation of plasma PTH concentrations) on the 

renal component of calcium homeostasis. The intracel- 
lular mediator for PTH effects is intracellular cyclic 
adenosine monophosphate (cAMP), whose urinary secre- 
tion is a biochemical marker of PTH activity. The 
effects of PTH on the kidney include: 

(i) Increased extraction of Ca** from the glomerular 
filtrate. The major physiological effect of PTH is 
enhancement of Ca”* reabsorption. This is due to 
effects on: the thick ascending loop of Henle (ıt 
increases the transepithelial voltage gradient that 
drives passive Ca?" transport); the granular portion 
of the distal convoluted tubule (it induces trans- 
location of preformed Ca’* channels on the cell 
surface to enhance luminal Ca?* entry); and the 
collecting tubules (it enhances the activity of Na*/ 

Ca?* exchangers). Despite its direct effect of 

increasing Ca** reabsorption, excessive PTH secre- 

tion increases urinary Ca** excretion because of the 
high load of filtered Ca** resulting from hypercal- 
caemia. At any given Ca** load, Ca”* clearance is 
decreased by PTH and increased in the absence of 

PTH. 

Increased phosphate excretion. PTH acts on the 

proximal and distal convoluted tubules and inhibits 

Na*-dependent phosphate transport. 

(iii) Increased bicarbonate clearance and alkalinization of 
the urine result from inhibition of bicarbonate reab- 
sorption in the proximal renal tubule. In patients with 
primary hyperparathyroidism, excessive secretion of 
PTH leads to a type of renal tubular acidosis. 

(iv) Increased free water clearance and increased urinary 
flow. Inhibition of Na* reabsorption in the proximal 
tubule leads to an increase in Na* loading of the distal 
tubule. At this point, Na* is reabsorbed proportionally 
more than the associated water, leading to an increase 
in free water clearance. 

(v) Increased activity of vitamin Dla hydroxylase. 


(ii) 
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(vi) In primary hyperparathyroidism, the renal effects of 
PTH are observed as hypercalciuria, hypophosphatae- 
mia, hyperchloraemic acidosis, polyuria, polydypsia 
and an increased excretion of nephrogenous fraction of 
cAMP. 


Effects of PTH on the bone 

PTH produces both anabolic and catabolic effects which can 
be distinguished as early phase (mobilization of Ca”* from 
bone in rapid equilibrium with the extracellular fluids) and 
late phase (increased synthesis of bone enzymes, such as 
lysosomal enzymes which promote reabsorption and bone 
remodelling). 

Osteoblasts are probably the primary bone cells that 
interact directly with PTH while osteoclasts seem to be 
devoid of PTH receptors. PTH inhibits osteoblasts and 
stimulates osteoclast-mediated bone resorption, leading to 
an increase in alkaline phosphatase and increased urinary 
hydroxyproline (markers of increased breakdown of bone 
matrix). In primary hyperparathyroidism, changes in alka- 
line phosphatase and hydroxyproline are markers of bone 
disease. 

Effects of PTH on the intestine 

PTH does not directly affect gastrointestinal absorption of 
Ca**. Its effects are mediated indirectly through regulation 
of synthesis of 1,25(OH)2D; in the kidney. 


Other effects 

Studies in vitro have identified effects whose physiological 
significance is not yet understood, including changes in 
blood flow in the coeliac axis, enhanced lipolysis in 
adipocytes and increased gluconeogenesis in liver and 
kidney. 


Calcitonin 


Calcitonin is a 32 amino acid protein secreted by the 
parafollicular C cells of the thyroid in response to high 
[Ca] It induces a decrease in serum calcium by 
inhibiting osteoclast activity and by increasing urinary 
excretion of Ca**. Its exact physiological role in humans is 
uncertain since it has few long-term effects on serum 
calcium. Its complete absence following total thyroidect- 
omy needs no replacement and severe excess of calcitonin 
(such as in patients with medullary thyroid carcinomas) has 
no major effect on calcium metabolism. 


Control of parathyroid hormone secretion 


Extracellular calcium 


[Ca] is the major determinant of the rate of PTH 
secretion: slight reductions in [Ca”*],,; increase promptly 
the rate of PTH secretion. The magnitude and duration 
of hypocalcaemic stress has a significant effect on the 
manner in which the homeostatic system responds. The 


initial changes in rate of PTH secretion in response to 
low [Ca**].,, take place within seconds because of the 
release of preformed hormones from storage granules. 
Within 15-30 min, there is also an increase in the net 
tate of PTH synthesis. If the hypocalcaemic stimulus 
persists, modest increases in the amount of PTH mRNA 
take place (in 3-12 h in rats in vivo or within 1-2 days 
in bovine parathyroid cells in vitro). Prolonged hypo- 
calcaemia promotes parathyroid cellular hypertrophy and 
proliferation within days to weeks (data reviewed in 
reference 74). The inverse sigmoidal relationship be-. 
tween PTH secretion and [Ca?*],,, has been documented 
in vivo and in vitro and can be described using a four- 
parameter model.’ In addition to its effect on PTH 
secretion, [Ca**],,, modulates the synthesis of PTH and 
the intracellular degradation of PTH into smaller frag- 
ments. 

In 1991, Brown thought that a body of indirect evidence 
suggested that [Ca”*],,, acted on parathyroid cells through a 
cell surface, receptor-like mechanism.'° A plasma mem- 
brane Ca”* receptor was subsequently cloned from bovine 
parathyroid cells'! and its presence demonstrated on human 
cells from parathyroid adenomas.” This was the first 
example of a cell surface receptor recognizing an ion rather 
than a molecule as a principal ligand. The current know- 
ledge about Ca”* receptor intracellular signalling is 
summarized in Fig. 1. 

The human Ca”* receptor is encoded by a gene on 
chromosome 3q13-21 and consists of 1078 amino acids. The 
predicted Ca** receptor protein has a large extracellular 
amino-terminus (which binds polycationic Ca?* receptor 
agonists), a central core with seven membrane-spanning 
helices (documenting that the Ca? receptor is a G-protein- 
coupled receptor) and an approximately 200 amino acid 
carboxy-terminal intracytoplasmic tail.!! '* Over 30 differ- 
ent mis-sense mutations have been identified in kindreds 
with familial hypocalciuric hypercalcaemia.’”” Mutations 
that activate the Ca?” receptor have also been identified and 
lead to familial hypoparathyroidism. A knock-out mouse 


model of inherited human Ca”* receptor gene defects has 
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been reported: heterozygous animals (i.e. Ca”* receptor”) 
reproduce most features of familial hypocalciuric hypercal- 
caemia and homozygous mutant mice (i.e. Ca?* receptor”) 
display markedly elevated [Ca?*]..:, increased PTH con- 
centrations and parathyroid gland hyperplasia, as do patients 
with severe neonatal hyperparathyroidism.*° 

The Ca** receptor is widely expressed, both on cells 
involved with control of [Ca] (e.g. parathyroid, 
calcitonin-secreting and bone cells) and also on cells not 
involved in Ca** homeostasis (e.g. pituitary, placenta, 


Keratinocytes and gastrin-secreting cells). 


A different membrane Ca?*-sensor has been identified on 
parathyroid, proximal tubule and human placenta using 
immunocytochemistry.*? This approximately 500 kDa 
protein is a member of the low density lipoprotein receptor 
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Fig 1 (1) Schematic representation of the Ca?” receptor’s signalling mechanisms Ca** receptor agonists bind to the extracellular domain of the Ca?* 
receptor and trigger activation of the G protein~phospholipase C (PLC) pathway. PLC generates mositol-trisphosphate (IP3), which binds to specific 
receptors situated on intracellular Ca** stores Upon binding of IP3 the three-dimensional structure of IP} receptors changes and allows the release of 
Ca”. The responsiveness of IP; receptors modulates the amplitude of [Ca**], responses following activation of the Ca** receptor.© The filling state of 
the intracellular Ca?" stores ıs maintamed by the action of specific Ca?* pumps, ie the smooth endoplasmic reticulum Ca**-ATPases (SERCA) (2) 
The graphs illustrate changes in cytoplasmic concentration of calum ((Ca”*],) in parathyroid cells. [Ca], was measured using quantitative 
fluorescent microscopy in Fura-2-loaded cells. The upper pane] illustrates responses to changes in [Caka from 0.5 to 3 mM. The lower panel 
illustrates [Ca?*], responses to the Ca?* receptor agonist lanthanum (Let, 15 uM). (3) (Ca?*], increases rapidly following incubation with 


thapsigargin, an inhibitor of SERCA. 


superfamily? and has recently been cloned.“ Its role in 
controlling [Ca**], and PTH secretion requires further study. 


Magnesium 

In acute studies in vivo and in vitro, changes in the 
extracellular concentration of magnesium ( Meg" Text) have 
similar effects to changes in [Ca*"].,,. AS Mg” is a much 
less potent Ca?" receptor agonist?! and because the blood 
concentration is lower than that of Ca?*, changes of 
[Mg] in the physiological range have little influence 
on PTH secretion. 

High [Mg”*]ex: (as in renal failure) can inhibit PTH 
secretion. Chronic severe hypomagnesaemia causes a 
paradoxical decrease in PTH secretion rather than the 
expected increase, suggesting that intracellular Mg** defi- 
ciency interferes with secretory mechanisms and blocks 
PTH secretion.” 


Vitamin D 

The main effect of vitamin D is a specific, dose-dependent 
and reversible suppression of PTH gene transcription.® 
Furthermore, 1,25-(OH)2D3 suppresses the secretory pro- 
cess at low [Ca”*],, and increases the intracellular degrad- 
ation of PTH. 


Catecholamines 


The responsiveness of normal parathyroid tissue to B- 
adrenergic agonists is well established, but the role of 
catecholamines in the pathophysiology of the glands is 
undefined. 

Specific a-adrenergic agonists inhibit PTH secretion 
in vitro but have little effect in vivo. Epinephrine increases 
PTH secretion by acting on f-adrenergic receptors. 
The response is transient and is influenced by (Cart. 
minimal effects occur during hypercalcaemia whereas the 
response becomes more dramatic as the [Ca?"] x is lowered. 
B-Adrenergic antagonists (propranolol) reduce PTH con- 
centrations ecutely in normal subjects. Propranolol neither 
modulates basal output nor inhibits isoproterenol-induced 
secretion from forearm autografts of hyperplastic parathyr- 
oid tissue, suggesting an altered responsiveness to B- 
adrenergic agents in patients with secondary hyperparathyr- 
oidism. Dopamine stimulates secretion from bovine 
parathyroid glands in vitro and in vivo by releasing a 
storage pocl of intact PTH, but no effect has been 
documented in humans. 


Steroids 


Glucocorticoids stimulate PTH release in vitro in a dose- 
dependent manner.*® Oestrogen and progesterone stimulate 
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PTH secretion from bovine parathyroid cells. Furthermore, 
oestrogen may modulate the sensitivity of PTH secretion to 
regulation by [Ca’*],,,,° directly stimulate PTH gene 
transcription and secretion and reduce peripheral actions 
of PTH.® 


Ultradian rhythms of PTH secretion 


Narrow pulses (half-life <60 s) and bursts of narrow pulses 
of PTH secretion can be detected, but the time-keeping 
mechanism has not been identified. The pulsatile component 
of PTH secretion accounts for 25% of total release.*! During 
induced hypocalcaemia, a brisk increase in plasma PTH 
appears in the first 30 min, with a preferential increase in the 
pulsatile component of secretion (>10-fold) through in- 
creased frequency and amplitude of secretory bursts. The 
tonic secretion increases only during steady-state hypocal- 
caemia. Secretory bursts disappear during the initial 30 min 
of induced hypercalcaemia and reappear in the subsequent 
75 min with a decreased frequency and amplitude.® 


Primary hyperparathyroidism 
Epidemiology 


Primary hyperparathyroidism is a common endocrine 
disorder, with an incidence influenced by the means of 
diagnosis and the population studied. The increased use of 
multichannel biochemical analysers has influenced the 
pattern of presentation. In the UK the incidence was 
estimated to be about 25 per 100 000 general population, the 
majority of subjects being asymptomatic. 


Aetiology 


Most patients have a single parathyroid adenoma (80%); 
multiple gland hyperplasia is found in 10-20% of patients 
and parathyroid carcinoma is rare (1%). Monoclonality 
occurs in parathyroid adenomas? 7° and can be found in 
sporadic multigland hyperplasia” and familial multiple 
endocrine neoplasia (MEN) type 1. °! At least three 
tumour-specific molecular genetic defects are implicated in 
the development of parathyroid tumours: 


Cyclin D1 

Some parathyroid adenomas present a clonal chromosomal 
inversion by which the 5’-regulatory region of the PTH gene 
(normally located at chromosomal position 11p15) is 
juxtaposed to the PRAD 1/cyclin D, oncogene located at 
11q13.© 78 This rearrangement leads to overexpression of 
the cyclin D; oncogene, a cell cycle regulator overexpressed 
in many types of cancer.” 


Loss of a tumour suppressor gene 

This has been suggested by the loss of heterozygosity in 
>25% of parathyroid adenomas on chromosome arms 1p, 
6q, 11p, 11q and 15q.°° None of these tumour suppressor 
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genes has yet been identified and cloned. The tumour 
suppressor gene p53 shows no mutations in parathyroid 
adenomas or carcinomas”® and allelic loss of the p53 gene 
has been identified in only a minority of carcinomas." 


Retinoblastoma gene deletion 

This occurs commonly in parathyroid carcinomas and has 
potential diagnostic, prognostic and therapeutic implica- 
tions.!° 


As many as 15-20% of patients with primary hyperpar- 
athyroidism gave a history of previous irradiation but an 
aetiological relationship cannot be established in individual 
cases. Analysis of a cohort (2555 patients, follow up 36 
years) identified a dose-response relationship, with an 
excess relative risk increased significantly by 0.11/centigray 
and not influenced by gender or age at first presentation.®° 


Mechanisms for functional abnormalities in primary 

hyperparathyroidism 

Different mutations identified in parathyroid adenomas may 
explain the abnormal growth or proliferation of parathyroid 
cells but do not account for the disordered function in 
primary hyperparathyroidism. PTH secretion in primary 
hyperparathyroidism is not influenced by changes in 
calcium within the physiological range because of a 
decreased sensitivity to [Ca?"]ex which results in a shift 
to the left of the sigmoidal relationship and therefore a 
higher set-point. A specific abnormality of the mechan- 
ism(s) controlling secretion in individual adenomatous cells 
is suggested by the general lack of correlation between the 
size of the tumour and the severity of biochemical 
abnormalities (i.e. PTH concentration and hypercalcaemia) 
(Fig. 2). Overall, the excessive PTH secretion is the result of 
increased basal secretion and increased frequency and 
amplitude of PTH pulses.” 

A tempting hypothesis is that, in sporadic parathyroid 
tumours, there are defects in the gene encoding the recently 
cloned Ca?* receptor." However, no such mutations have 
been identified in such patients“ and allelic loss appeared in 
<10% of tumours.” The role of mutations ın the Ca?* 
receptor gene in the pathogenesis of primary hyperpar- 
athyroidism, therefore, remains controversial. 

The role of vitamin D in the pathogenesis of primary 
hyperparathyroidism has been investigated extensively 
Preoperative serum calcitriol concentrations correlate 
inversely with calcitriol receptor number in normal para- 
thyroid tissue but not in parathyroid adenomas.” Vitamin D 
receptor (VDR) gene polymorphism could also be import- 
ant: 60% of postmenopausal women with primary hyper- 
parathyroidism express the VDR genotype bb, compared 
with 33.3% in controls. As the b allele has been linked to 
decreased transcriptional activity or messenger RNA sta- 
bility, the bb genotype will reduce VDR expression, which 
may impede regulatory actions of vitamin D and contnbute 
to parathyroid tumorigenesis. !? 
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Fig 2 Lack of correlation between the weight of parathyroid adenomas and the biochemical abnormalities. In 37 pahents with primary 
hyperparathyroidism, the weight of parathyroid adenomas was determined immediately after surgical removal. Preoperative values for calcium 
(corrected for albumin concentration) and PTH were recorded Intact PTH (1-84) was measured using a chemiluminescent assay (Immulite, DPC, 
Gwynedd, UK; coefficient of variance 4 7% and 5.5% for intrassay and interassay precision, respectively). 


Clinical picture of primary hyperparathyroidism 

The classical picture of ‘moans, groans and stones’ is rarely 
seen today. Instead, many non-specific symptoms may be 
elicited on direct questioning. The assessment and assign- 
ment of these symptoms provide a major problem, espe- 
cially in the elderly. 


Asymptomatic HPT 

Currently most patients present with no or minimal 
symptoms. When no treatment is offered to these patients, 
follow-up for 10 yr reveals that most deteriorate (in one 
study, 26% developed a need for surgery and 24% died®®). 
The arguments for offering surgical treatment to asympto- 
matic patients are presented later. 


Renal manifestations 

Renal involvement used to occur in 60-70% of patients but 
early diagnosis has reduced the incidence to 10-20% and 
many patients now lack renal manifestations despite having 
had the disease for many years. 

Anatomical (nephrolithiasis and nephrocalcinosis) and 
functional (a spectrum of tubular and glomerular disorders) 
abnormalities occur. In severe primary hyperparathyroid- 
ism, impairment of proximal tubular function causes 
proximal tubular acidosis type H, aminoaciduria, glycosuria 
and nephrogenous diabetes insipidus. Functional changes 
can occur in the absence of any radiographic demonstrable 
renal calcification. 

The pathogenesis of nephrolithiasis remains unclear since 
hypercalciuria does not correlate directly with stone 
formation. The propensity for crystallization and crystal 
growth of stone-forming constituents of urine is increased 
by urinary acidosis (ie. PTH effects on bicarbonate 
transport in the proximal tubule). 


Skeletal involvement 

The incidence of osteitis fibrosa cystica has decreased 
sharply from >50% in the 1930s to the 1950s to 9% in the 
1970s and to nearly zero in patients diagnosed by screening. 


Furthermore, patients with mild disease have already 
experienced major bone loss at diagnosis and, although 
parathyroidectomy has an initial positive effect on bone 
mineralization, there is no long-term advantage.” Increased 
bone resorption is associated with enhanced bone formation. 
There are region-specific differences in bone mass: it is low 
in areas with cortical bone (such as the radius) and normal or 
high in vertebrae and iliac crest (trabecular bone). 
Pathological fractures and brown tumours are now rare. 


Articular manifestations 

Chondrocalcinosis, pseudogout, juxta-articular erosions, 
traumatic synovitis, periarthritis and pericapsular calcifica- 
tion can occur. 


Neuromuscular and neuropsychiatric manifestations 

The real incidence of these symptoms is difficult to evaluate 
because some are so non-specific. Extreme weakness and 
fatigue, particularly involving proximal musculature of the 
lower extremities, can be present and improves post- 
operatively. Depression, personality changes, memory 
impairment and, occasionally, overt psychosis can occur. 
Obtunded consciousness occurs only when the serum 
calcium is extremely elevated. 


Gastrointestinal involvement 

Peptic ulcer can be a true manifestation of primary 
hyperparathyroidism and in a minority of patients, ulcers 
are part of Zollinger-Ellison syndrome or MENI with 
gastrin-producing tumours. However, it is not worth 
screening for MEN1 syndromes in patients with apparently 
sporadic primary hyperparathyroidism.”* 

Pancreatitis may also occur but a cause-effect relation- 
ship is uncertain. In acute primary hyperparathyroidism, 
25% of patients may have pancreatitis. Normocalcaemia in 
a patient with severe acute pancreatitis should raise the 
question of primary hyperparathyroidism as an aetiological 
factor since pancreatic saponification and calcium binding 
can produce a spuriously low serum calcium concentration. 
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Table 2 General symptoms found ın patents with primary 

hyperparathyroidism 

System affected Symptoms 

Renal Polyuria, back pain, colic, haematuria 

Musculoskeletal Aches and pains, bone pain, arthntis, ‘pathological’ 
fractures 

Gastrointestinal Anorexia, nausea, dyspepsia, constipation, 
abdominal pain 

Neurological Depression, weakness, apathy, lethargy, confusion, 
psychosis 

Cardiovascular Hypertension 

Hypertension 


This is more frequent in patients with primary hyperpar- 
athyroidism than in the general population.°* Efforts to 
identify a parathyroid-derived hypertensive factor continue. 
Parathyroidectomy has little or no effect on the severity of 
the hypertension. 


Increased risk of premature death 

Although an overall biochemical cure rate of 97% can be 
achieved in patients undergoing surgery, a study of 896 
patients revealed a decreased risk of premature death and 
better survival for those operated upon at an early stage of 
disease. It is possible to derive a mathematical function to 
correlate the estimated hazard for death in relation to 
gender, age and tumour weight.” 


Normocalcaemic hyperparathyroidism 

Patients with symptoms or complications of primary 
hyperparathyroidism but presenting with normocalcaemia 
represent a diagnostic challenge.“ Most such patients 
present with a renal calculus and many will have 
hypercalciuria. They need to be differentiated from those 
with idiopathic hypercalciuria (increased intestinal Ca”* 
absorption, diminished tubular resorption of Ca”* resulting 
in a renal leak or a primary urinary phosphate leak). 
Identifying patients with normocalcaemic primary hyper- 
parathyroidism is important because surgery should reduce 
the chance of further stone formation. Failure to consider 
these other causes and assuming that the patients has 
normocalcaemic primary hyperparathyroidism will lead to 
inappropriate neck exploration. 


Aypercalcaemic crisis 

The severity of clinical manifestations frequently correlates 
with the degree of hypercalcaemia. Neuromuscular, renal 
and gastrointestinal manifestations are influenced by the 
time course of developing hypercalcaemia and intercurrent 
medical conditions. 

Marked dehydration results in anorexia, nausea and 
vomiting and leads to even more severe hypercalcaemia. 
Weakness and lethargy lead to immobility, which may 
accentuate increased bone resorption. Profound mental 
changes, confusion, cognitive impairment and coma are 


Table 3 Differential diagnoses of hypercalcaemia 


Pnmary hyperparathyroidism 
Malignancy 
haematogenous malignancy Multple myeloma, Burkitt lymphoma, 


Hodgkin lymphoma 


solid malignancy with bone Breast, lung 
metastasis 
solid malignancy without bone Hypernephroma, squamous carcinoma 
metastasis 
Granulomatous diseases Sarcoidosis, tuberculosis 
Iatrogenic Thiazide diuretics, lithium, vitamin D 
intoxication, hypervitaminosis A 
Familal hypocalciunc 
hypercalcaemia 


possible. If untreated, the process evolves to oliguric renal 
failure, cardiac arrhythmia and death. 

Assays for PTH1-84 completely separate individuals 
with primary hyperparathyroidism (having high or non- 
inhibited PTH concentrations) from other causes of 
hypercalcaemia (with low or undetectable PTH levels). As 
a general rule, the higher the concentrations of plasma 
calcium, the more likely that malignancy is the underlying 
cause. 


Differential diagnosis of hypercalcaemia 


The main differential diagnoses of hypercalcaemia are 
summarized in Table 3. Other causes that used to be 
considered but are rare now include: milk-alkali syndrome, 
immobilization associated with fractures, acute renal failure 
and other endocrine diseases (thyrotoxicosis, phaeochro- 
mocytoma and adrenal crisis). 

The majority of patients with acute primary hyperpar- 
athyroidism have long-standing hypercalcaemia, large 
parathyroid adenomas, radiographic evidence of osteitis 
fibrosa cystica (50%) and a history of nephrolithiasis 
(60%).2” Ectopic secretion of PTH has been demonstrated 
only very rarely (e.g. in ovarian carcinoma). 


Investigations used to confirm primary 
hyperparathyroidism 


Biochemical features of primary hyperparathyroidism 

These include (i) high total serum calcium (corrected for 
albumin) or elevated serum ionized calcium; (ii) hypopho- 
sphataemia, phosphaturia; (iii) hyperchloraemia and in- 
creased chloride:phosphate ratio (see above); (iv) 
hypercalciuria (>10 mmoi/day) is present in >75% of 
hypercalcaemic patients (excess calcium spillage supports a 
diagnosis of primary hyperparathyroidism but, more import- 
antly, loss of <2 mmol of calcium per day suggests a 
diagnosis of familial hypercalcaemic hypocalciuria; this 
autosomal dominant disease may mimic primary hyperpar- 
athyroidism very closely, with normal levels of parathyroid 
hormone which are judged to be inappropriate in the face of 
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Table 4 Therapeutic options adapted to the severity of disease’ 





Degree of hypercalcaemia 
Mild (2.6-2.85 mM) 





Moderate (2,85-3.3) mM) Severe(>3.30 mM) 





Symptomatic patients (50%) surgery 

Asymptomatic patients (50%) mobilize; keep well hydrated, include moderate 
amount of calcium m diet; give oestrogens to menopausal women; give oral 
clodronate 


hypercalcaemia. A repeat urinary calcium determination, 
enquiry into family history and measurement of the serum 
calcium in first-degree siblings will confirm the correct 
diagnosis and save the patient an unnecessary neck explor- 
ation); (v) increased concentration of intact PTH: high or 
non-inhibited PTH concentration in the face of hypercal- 
caemia is diagnostic of primary hyperparathyroidism. Care 
is required in its interpretation, especially if there is any 
evidence of renal failure. In this situation the carboxy- 
terminal, biologically inactive, PTH fragments may accu- 
mulate and give a falsely reassuring weight to the diagnosis; 
(vi) increased serum alkaline phosphatase and increased 
urinary excretion of cyclic adenosine monophosphate and 
hydroxyproline can be demonstrated as markers of bone 
involvement. 


Radiological investigations 
(i) Parathyroid imaging: the advantage and cost-effective- 
ness of preoperative localization and unilateral neck 
exploration in primary hyperparathyroidism are controver- 
sial issues. Some surgeons favour such an approach because 
unilateral exploration may save approximately 30 min of 
operating time and decrease the risk of damaging the 
contralateral recurrent laryngeal nerve and normal para- 
thyroid glands.'°! Others report unacceptably high failure 
rates for unilateral neck exploration compared with a 
bilateral neck exploration by an experienced surgeon and 
question the cost-effectiveness of preoperative localizing 
studies.*? 1°5 

(ii) Imaging of bone lesions: hand x-ray may demonstrate 
early subperiostal erosion on the radial aspect of the middle 
phalanges and, in advanced disease, generalized deminer- 
alization is seen, with local cystic destructive lesions, such 
as ‘salt and pepper’ skull. Changes in bone density can be 
studied by ‘1 bone densitometry, x-ray spectrophotometry 
or single-photon absorptiometry. Bone mass can be evalu- 
ated by single- and dual-photon absorptiometry, quantita- 
tive CT and dual-energy x-ray absorptiometry (DEXA 
scan). In many patients there is an initial rapid loss in bone 
mass followed by a period of stable disease with little 
progression at the time of diagnosis of primary hyperpar- 
athyroidism. 


Treatment of primary hyperparathyroidism 
For many years, the management options have been adapted 
to the severity of primary hyperparathyroidism (Table 4) 


Surgery Emergency medical treatment followed by surgery 


and surgery was considered clearly recommended for 
patients with symptomatic primary hyperparathyroidism, 
for younger patients and for those in whom consistent long- 
term follow-up could not be assured. The current trend is to 
recommend parathyroidectomy for all patients with a 
definite diagnosis of primary hyperparathyroidism (see 
below). 


Medical treatment 

Hypercalcaemic crisis treatment involves (i) rehydration: 4— 
6 litres of fluid are often required to restore normal fluid 
volumes in the first 24 h. This increases calcium excretion 
by 25-75 mEq day” but rarely normalizes serum calcium if 
used alone; (ii) forced saline diuresis: loop diuretics depress 
the proximal tubular reabsorption of calcium and can 
increase urinary calcium excretion by 200-250 mEq day”. 
Furosemide (40 mg i.v. every 4 h) should not be initiated 
until volume repletion has been achieved. The risks of 
forced diuresis include cardiac decompensation (central 
venous pressure monitoring is needed for some patients), 
hypophosphataemia, hypokalaemia and hypomagnesaemia; 
(iii) antiresorptive agents: bisphophonates (pamidronate, 
etidronate, clodronate) are now first-line treatment because 
of their rapid and longer-lasting effect; (iv) calcitonin: 
salmon, porcine and human calcitonin rapidly decrease the 
skeletal release of calcium and phosphorus but the effects 
are temporary and not usually significant. 

Dialysis is reserved for patients with renal failure. 
Peritoneal dialysis can remove 100-500 mEq of calcium 
in 24 h, and haemodialysis approximately 70 mEq h?. 

Glucocorticoids are not effective in primary hyperpar- 
athyroidism but may be useful in treating patients with 
myeloma, lymphoma or granulomatous diseases (increased 
vitamin D production by activated macrophages in granu- 
lomas) or with vitamin D intoxication. Intravenous phos- 
phate therapy is dramatically effective but is seldom 
indicated because of serious potential hazards associated 
with precipitation of calcium phosphate. 

Somatostatin may reduce hypercalciuria®® but in a 
controlled, prespective, blinded, randomized clinical trial, a 
single i.v. application of 200 ug of the somatostatin 
analogue octreotide (SMS 201-995, Sandostatin) failed to 
induce any significant changes in serum calcium, phosphate, 
parathyroid hcrmone, calcitonin or osteocalcin. 

The recent cloning of the Ca** receptor has triggered 
efforts to-develop drugs which could increase the affinity of 
Ca** receptor for [Ca?*],,; and thereby potentially correct 
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the biochemical abnormalities in primary hyperparathyr- 
oidism. One such compound is NPS R-568, an allosteric 
modulator of the Ca”* receptor that potentiates the effects of 
cation agonists on Ca”* receptors.?” Pharmacological acti- 
vation of Ca** receptors in vivo with NPS R-568 inhibits 
PTH secretion. In clinical studies, NPS R-568 inhibited 
PTH secretion in healthy postmenopausal women. A 
randomized, placebo-controlled, double-blinded trial con- 
cluded that single and increasing doses of NPS R-568 (20- 
160 mg) inhibit PTH secretion by <70% for <4-8 h in 
postmenopausal women with mild primary hyperparathyr- 
oidism.®’ Clinical trials to establish the therapeutic potential 
of this Ca?* receptor agonist are in progress. Two years of 
treatment of a woman with hypercalcaemia secondary to 
parathyroid carcinoma with NPS R-568 produced no 
adverse clinical effects and the drug appeared effective in 
long-term control of hypercalcaemia.'® 


Surgical treatment for primary hyperparathyroidism 

Once the biochemical diagnosis is confirmed, neck explor- 
ation can be undertaken since the use of imaging techniques 
provides no benefit in patients with primary hyperparathyr- 
oidism attending for first exploration. Patients must be 
informed about the risk of damage to the recurrent laryngeal 
nerve (should be <0.5%) and normal parathyroid glands 
(should be almost zero) and the possibility of failure to 
identify the parathyroid adenoma (perhaps 1%, due to 
intrathoracic or ectopic tumour, or wrong diagnosis). 

For parathyroid adenomas, because of the possibility of 
double adenomas, several methods have been proposed to 
ensure complete excision of the excess PTH source, 
including measurement of urinary cAMP or rapid intrao- 
perative serum PTH concentrations.© 

Sporadic multiple gland hyperplasia requires excision of 
the enlarged glands, leaving the normal sized glands 
intact,” excision of three or three and a half glands has 
also been recommended.** 

If parathyroid carcinoma is suspected preoperatively 
(suggestive features on CT scan or palpable lymphadeno- 
pathy), en bloc resection offers the best results with central 
compartment dissection when there is evidence of regional 
node metastases. 

A recent report of 286 patients with parathyroid 
carcinomas followed for 10 yr concluded that neither 
tumour size nor lymph node status was a significant 
prognostic factor.*” Serum calcium and PTH measurements 
are postoperative markers of tumour recurrence. Recurrence 
in the neck or lungs can often be treated by further surgery 
and, although rarely curative, appears to prolong survival 
and palliate the symptoms of hypercalcaemia.”® 
Radiotherapy is of little use. Mithramycin is a potent 
hypocalcaemic agent which is often effective for many 
months; more recently, symptomatic relief has been 
obtained by using disodium clodronate. The outlook is 
variable and, as with many endocrine tumours, some 
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patients survive for many years with indolent metastatic 
disease. 

It is now accepted that, for many asymptomatic patients, 
the time and expense involved in rigorous follow-up 
outweigh the burden of surgery. Further arguments in 
favour of parathyroidectomy for patients with absent, 
minimal or unrecognized symptoms of primary hyperpar- 
athyroidism are: (i) subtle physical and psychological 
changes are only appreciated on restoration of biochemical 
normality; (ii) there is a risk of developing renal impairment 
in the long term; (iii) there is a risk of bone loss, which is 
especially important in elderly females; (iv) hypercalcaemia 
may contribute to confusion in the elderly; (v) there is a risk 
of hypercalcaemic crisis in the elderly, especially if there is 
intercurrent illness, producing dehydration; (vi) the inci- 
dence and mortality from cardiovascular disease are greater 
in untreated patients. 

When surgery is contemplated in such patients, the 
preoperative risk factor profile is altered. These patients are 
more likely to be receiving antihypertensive medication and 
frequently have a history of congestive heart disease, ST- 
segment depression and T-wave abnormalities on ECG, 
thromboembolic disease, stroke or diabetes mellitus." 

Serum calcium need not be checked until 24 h after 
surgical treatment for primary hyperparathyroidism.' 
Serum PTH concentrations return to within the normal 
range after 24-48 h; the increased set-point is normalized on 
the first postoperative day; and the suppression of PTH 
concentrations during an oral calcium load is normalized on 
the second postoperative day. 

The British Association of Endocrine Surgeons is produ- 
cing guidelines which will recommend uniform collection 
of endpoint data for comparative audit, which will include: 
percentage of patients achieving normocalcaemia at 12 
months, recurrent laryngeal nerve injuries (%) and inci- 
dence of drug-dependent hypocalcaemia at 12 months. The 
number of negative operations and reoperative rates will 
also be measured. 

Persistent hyperparathyroidism is the commonest cause 
of postoperative hypercalcaemia and is defined as hyper- 
calcaemia in the immediate postoperative period or occur- 
ring within 1 yr of surgery. Recurrent hyperparathyroidism 
is defined as hypercalcaemia occurring after a normocal- 
caemic phase of #1 yr after an operation that identified all 
four parathyroid glands and removed all abnormal para- 
thyroid tissue. 


Secondary hyperparathyroidism 

Secondary hyperparathyroidism is the condition in which 
PTH secretion is increased to compensate for a chronically 
low concentration of calcium (Table 5) with no intrinsic 
parathyroid abnormality. Most patients with chronic renal 
failure develop some degree of parathyroid hyperplasia: the 
prevalence has been evaluated at 67% using a bone biopsy 
technique.” Largely as a result of improved and early 
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Table 5 Possible causes of secondary hyperparathyroidism 





Chronic renal failure 


renal tubular phosphate-wasting disorders 
Osteomalacia 
Malabsorption 
Pseudohypoparathyroidism 
Complication of high-dose phosphate therapy in patients with X-linked 
hypophosphataemia 





medical treatment (calcium and vitamin D replacement 
therapy), <5% of these patients eventually require para- 
thyroidectomy.”° 


Mechanisms of secondary hyperparathyroidism 


In early renal failure, deficient calcitriol synthesis is an 
important factor but a reduced number of vitamin D 
receptors” or of the newly cloned Ca”*-sensor receptor, 
may also be present in the parathyroid cells. With advanced 
chronic renal failure, hyperphosphataemia worsens the 
condition. Parathyroid cells are resistant to calcitriol 
because of a reduced density of calcitriol receptors. 
Finally, uraemia per se may not only cause a receptor 
abnormality in parathyroid cells but may also aggravate the 
impaired calcaemic response to PTH in the skeleton.*° 

In vivo dynamic tests of parathyroid gland function 
suggest that calcium-regulated PTH release does not differ 
with the degree of disease and that set-point abnormalities 
do not account for excess PTH secretion. Variations in the 
size of the parathyroid gland may therefore be the major 
contributor to excessive PTH secretion.” 


Clinical presentation of secondary 
hyperparathyroidism 

The vast majority of patients are on dialysis and present 
with a highly variable frequency and severity of symptoms. 
Patients develop osteitis fibrosa cystica or osteomalacia, 
which may eventually lead to skeletal deformities or 
fractures. Physical findings may include a funnel chest 
deformity and sternal bowing due to rib deformities, and 
height reduction from kyphosis and vertebral crush frac- 
tures. Bone pain occurs primarily in the thoracolumbar 
spine and lower extremity and is exacerbated by weight 
bearing, sudden movements and pressure. Subperiostal bone 
resorption is seen in <86% of patients, especially in the 
phalanges, pelvis, distal clavicles, ribs, femur, mandible or 
skull. The earliest radiographic lesion seen is an irregularity 
of the radial aspect of the second digit middle phalanx. In a 
patient maintained on dialysis with appropriate medical 
treatment, radiographic findings of bone disease should 
serve as an indication for operation. Osteomalacia is now 
seen only rarely, thanks to better attention to prevention of 
aluminium toxicity. Aluminium bone disease must be 
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correctly identified and serum aluminium measurement 
and scintigraphy may be necessary. The prevalence of 
aluminium bone disease is decreasing as the use of 
aluminium-based phosphate binders and antacids is decreas- 
ing in favour of calcium salts. 

Soft tissue calcification is a frequent manifestation of 
secondary hyperparathyroidism, affecting 27% of patients 
at the outset of dialysis and 58% of those who have been 
dialysis dependent for >5 yr. Calcification may involve 
vascular and soft tissues, including kidneys (nephrocalci- 
nosis), lungs, heart and skin. A simplistic mechanism for 
metastatic calcification is crystallization occurring if the 
serum calcium phosphate product increases above a certain 
level. Some suggest that high concentrations of the serum 
calcium phosphate product are an indication for parathyr- 
oidectomy.’* 

Calciphylaxis is a rare condition associated with 
haemodialysis or transplantation, high PTH concentrations 
and increased serum calcium phosphate product. Patients 
present with severe calf pain and tenderness with extensive, 
non-ulcerating, large, hard and tender subcutaneous 
plaques. These painful, violaceous, mottled cutaneous 
lesions progress to skin and subcutaneous necrosis, deep 
non-healing ulcers and gangrene. The lesions are reticular in 
pattern, appear characteristically on fingers and toes 
(although the forearms, arms, trunk, buttocks, thighs and 
legs may also be involved) and may be very large (up to 20 
cm). This severe complication can threaten digits, limbs or 
the patient’s life. Calcium deposition can be confirmed 
radiologically and by bone scanning. The condition is not 
uncommon and can occur in predialysis patients.” 

Pruritus can be severe, intractable and disabling and has 
been attributed to increased calcium concentrations in the 
skin. This usually improves after parathyroidectomy. 

Patients may also tire easily and have muscle weakness, 
proximal myopathy and peptic ulcer. 


‘Cardiotoxicity’ of PTH 

A 5 yr longitudinal echocardiographic study of 52 patients 
dependent on haemodialysis demonstrated that one of the 
best clinical predictors for the presence of left ventricular 
hypertrophy was an increased PTH concentration. A 
possible direct effect is mediated by specific receptors for 
PTH in the cardiomyocytes and by a permissive role on 
activation of interstitial cells in the heart. A raised calcium 
phosphate product leads to myocardial and valve calcifica- 
tion and to cardiac dysfunction. An increased cytosolic 
calcium concentration in the cardiomyocytes in uraemic 
patients lessens myocardial performance. 


Laboratory diagnoses of secondary 
hyperparathyroidism 

Hyperphosphataemia 1s accompanied by normocalcaemia 
or hypocalcaemia; increased concentrations of intact PTH 
are decisive for diagnosis and exclude the diagnostic 
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confusion created by measuring the carboxy-terminal 
fragment of PTH (as in previous assays), which accumulates 
as a result of decreased renal clearance; increased alkaline 
phosphatase demonstrates the severity of bone disease, 
serum levels of vitamin D are monitored to confirm 
adequate substitution; serum aluminium concentration is 
checked to exclude aluminium toxicity as a cause of bone 
disease. 


Medical treatment of secondary hyperparathyroidism 


The goals of such treatment are to maintain calcium and 
phosphate concentrations close to normal levels, to suppress 
PTH secretion and ameliorate pre-existing bone disease. 
The methods available include the following. 

(1) Dietary phosphate restriction (<1000 mg 24 hb!) can 
be coupled with phosphate-binding agents to reduce 
phosphate absorption from the intestinal tract. 
Calcium carbonate is preferred to aluminium hydro- 
xide and the dose 1s adapted to the phosphate content 
of foods. 

(ii) Daily calcium intake of 21500 mg is necessary and 
can be achieved using oral supplementation. If the 
patient is still hypocalcaemic, calcium may be added 
to the dialysis fluid to achieve normocalcaemia. 
Long-term treatment with calcium o-ketoglutarate 
(approximately 4.5 g day~') normalizes secondary 
hyperparathyroidism by simultaneously binding 
phosphate and correcting the calcium:phosphate 
ratio in serum without vitamin D treatment.’ 

(iv) Routine vitamin D supplementation ıs started before a 
patient becomes dependent on dialysis. The risks of 
vitamin D treatment include the development of 
hypercalcaemia and persistent hyperphosphataemia. 
Calcitriol concentrations should be measured during 
treatment with vitamin D. Weekly intravenous bolus 
administration is safe and cost-effective. 

(v) Aluminium toxicity can be treated successfully with 

desferroxamine. 

(v1) Pruritus is ameliorated by charcoal haemoperfusion 
in conjunction with standard haemodialysis. 

(vii) The use of disphosphonates in the treatment of 

secondary hyperparathyroidism is being evaluated. 

These drugs have a high affinity for hydroxyapatite, 

mbhibit osteoclast mediated bone-resorption, reduce 

bone resorption and decrease calcium and phosphate 
concentrations, but PTH concentrations increase. 

PTH removal during continous ambulatory peritoneal 

dialysis (CAPD) 1s greater than with haemodialysis, 

but CAPD has the disadvantage of greater protein 
losses. Vitamin D and its binding protein are lost in 
peritoneal dialysate. 

In an experimental model of secondary hyperpar- 

athyroidism, chronic administration of the Ca’* 

receptor agonist NPS R-568 inhibited PTH synthesis 


(iii) 


w 


(viii 


(ix) 
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and secretion and decreased parathyroid cell vol- 
31 
ume. 
Medical therapy fails in 5-10% of patients on long-term 
dialysis, and surgery becomes necessary. 


Surgical treatment for secondary 
hyperparathyroidism 

Indications for operation are based in part on the knowledge 
that bone and joint pain, pruritus and malaise are likely to 
improve in about 80% of patients after parathyroidectomy. 
When this treatment is offered, patients must be informed 
about the potential risks (bleeding, recurrent hyperparathyr- 
oidism, hypoparathyroidism and injury to the recurrent 
laryngeal nerves). 

Patients should undergo dialysis within 1 day of surgery 
and then 48 h postoperatively or as needed. The risk of 
bleeding should be kept ın mind since heparin is used during 
haemodialysis and platelets are dysfunctional in severely 
uraemic patients. Preoperative vitamin D treatment should 
continue since it decreases the chance of postoperative 
hypocalcaemia. 

The typical histopathological findings are asymmetric 
enlargement, nodularity and increased numbers of oxyphil 
cells. Nodular hyperplasia indicates a more aggressive 
proliferation than diffuse hyperplasia.”° 

Severe postoperative hypocalcaemia may occur as a 
result of ‘hungry bone syndrome’, hypomagnesaemia and 
failure of parathyroid grafts. Oral supplementation (<6 g of 
elemental calcium can be given daily) suffices for mild 
symptoms but severe hypocalcaemia requires intravenous 
calcium and magnesium. 


Technical options 

A smail viable portion of one parathyroid gland (the one 
showing diffuse hyperplasia on frozen section) is left in situ 
(subtotal parathyroidectomy) or is used as an autograft in 
the forearm (total parathyroidectomy). If all four glands are 
not found in the ‘classical’ locations, the retro-oesophageal 
space, superior thyroid pedicles and the area along the 
carotid sheath and thymus should be explored. Median 
sternotomy should not be performed as part of the initial 
operation. Pathology reports, postoperative PTH and cal- 
cium concentrations and the clinical response should 
influence further decisions about localization studies in 
anticipation of re-exploration. Recently, total parathyroi- 
dectomy has become a preferred option. 

The relative merits of subtotal and total parathyroidect- 
omy plus autograft are still controversial. Subtotal para- 
thyroidectomy involves resection of three and a half glands 
and approximately 50 mg viable tissue ıs left in situ with 
preserved vascularity. The disadvantage of this method 1s 
that a second operation in the neck is needed in the event of 
persistent or recurrent hyperparathyroidism. In total para- 
thyroidectomy plus autotransplantation, a small gland that 
shows predominantly diffuse hyperplasia on frozen section 
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is selected for autografting in the forearm flexor muscle 
mass and some fragments can be cryopreserved. Primary 
graft failure is extremely rare. Parathyroid graft function can 
be further evaluated by measuring PTH gradients between 
grafted and non-grafted antecubital venous samples. 

Some recommend subtotal parathyroidectomy without 
remnant implantation as a safe and durable intervention for 
secondary hyperparathyroidism and following renal trans- 
plantation.” In one series of 91 patients, this intervention 
was associated with an acceptably low recurrence rate 
(4.1% at 1 yr and 11.7% at 20 yr). Overall hospital mortality 
was 3% (3/91) and none of the deaths was directly 
attributable to parathyroidectomy.”° 


Tertiary hyperparathyroidism 

Tertiary HPT is the condition in which parathyroid 
hyperplasia progresses to autonomous hypersecretion so 
that excessive PTH secretion continues despite correction of 
the underlying renal disease. It 1s estimated to occur in 25— 
50% of patients based on calcium concentrations, but PTH 
concentrations and bone biopsies suggest a prevalence of 
<70% soon after renal transplant. Only few require oper- 
ation and about 60% of these patients become normocal- 
caemic within 12 months. 

After transplantation, patients usually present with less 
severe disease, have better normalization of biochemical 
variables after parathyroidectomy and rarely develop 
recurrent hyperparathyroidism. Both total parathyroidect- 
omy with autotransplantation and subtotal parathyroidect- 
omy result in good control of renal hyperparathyroidism 
with excellent improvement of symptoms.” 


Familial syndromes including 
hyperparathyroidism 


Multiple endocrine neoplasia type 1 


MEN! ıs a rare autosomal dominant familial cancer 
syndrome with a prevalence estimated to be between one 
in 10 000 and one in 100 000. Affected individuals develop 
various combinations of tumours in parathyroid glands, 
enteropancreatic endocrine tissues and the anterior pituitary, 
with 94% penetrance by the age of 50 yr. Less commonly 
associated tumours include foregut carcinoids, lipomas, 
thyroid adenomas, adrenocortical adenomas, angiomyoli- 
pomas and spinal cord ependymomas (reviewed 1n 62). 
Hyperparathyroidism is the most common lesion in 
MEN1, with an estimated 90% prevalence in autopsy and 
screening studies. It is usually the first abnormality detected 
on screening and the parathyroid glands are almost always 
hyperfunctional by the time islet cells or pituitary involve- 
ment becomes clinically evident. Patients are first detected 
in their teens; by the age of 40 yr, >95% of patients have 
hypercalcaemia. The clinical picture is similar to sporadic 


hyperparathyroidism, apart from the symptoms, which may 
relate to other tumours (e.g. peptic ulcer caused by the 
presence of a gastrinoma). Characteristically, multigland 
parathyroid hyperplasia is found, but one or more glands can 
be macro- and microscopically normal. 

In 1988, MENI was mapped to chromosome position 
11q13 by linkage analysis.” In 1997, two independent 
groups cloned the MENI gene and showed that it encodes a 
ubiquitously expressed 610 amino acid protein, referred to 
as MENIN. '* #7 Over 40 mutations of the MENI gene have 
been identified so far* and are likely to inactivate the 
MENIN function, which is consistent with the proposal that 
MEN! results from inactivating mutations of a tumour 
suppressor gene. 


MEN2 


MEN? is an autosomal dominant syndrome with incomplete 
penetrance and varying expression. MEN2A associates 
medullary thyroid carcinoma with a phaeochromocytoma 
Gn 50% of patients) and hyperparathyroidism (in 15-30% of 
patients). In MEN2B there is a general (not absolute) lack of 
parathyroid involvement. General clinical features of 
MEN2 syndromes have been reviewed recently.” 
Hyperparathyroidism develops in 10-25% of patients, is 
characterized by mild hypercalcaemia (usually asympto- 
matic); the median age at diagnosis is 38 yr. Biochemical 
screening involves annual measurement of serum calcium 
concentrations followed by measurement of intact PTH only 
in hypercalcaemic patients. Generalized but asymmetric 
parathyroid hyperplasia is the most common histological 
abnormality. 

MEN? 1s a familial cancer syndrome arising from 
germline point mutations in the RET proto-oncogene 
located on chromosome 10 (at position 10q11.2). Multiple 
RET mutations have been described and are currently being 
collected by a RET Mutation Consortium for confirmation 
of a predicted genotype—-phenotype correlation.© The RET 
proto-oncogene encodes a cell-surface glycoprotein related 
to the family of receptor tyrosine kinases’? and is normally 
expressed in derivatives of the neural crest, including C 
cells, chromaffin and parathyroid cells,”! 


Familial isolated hyperparathyroidism 


Familial isolated hyperparathyroidism is a rare autosomal 
dominant disorder which occurs as a genetically and clinical 
distinct entity. More than 30 kindred have been reported to 
display primary hyperparathyroidism with no evidence of 
other associated endocrinopathies. A study of 37 members 
of such a family has shown no linkage between familial 
isolated hyperparathyroidism and MEN1 or MEN2A.~° 

Other familial syndromes involving parathyroid disease 
are very rare and have been reviewed elsewhere. 


Parathyroid disease and calcium metabolism 


Relevance of parathyroid disease for 
anaesthesia 


ECG changes 


Increases in [Ca?*].,, enhance myocardial contractility. 
When large amounts of calcium are infused into experi- 
mental animals, the heart relaxes less during diastole and 
eventually stops in systole (calcium rigor). In clinical 
conditions, however, the plasma calcium concentration is 
rarely high enough to affect the heart. On ECG, hypocal- 
caemia causes prolongation of the ST segment and QT 
interval but hypercalcaemia has less specific effects. 


Drug interactions 


Hypercalcaemia enhances digitalis toxicity so care should 
be taken in the preoperative assessment of older patients 
who may be taking or require this drug. 


Recurrent laryngeal nerve injuries 


During extubation, the anaesthetist should check the 
position of the vocal cords. If they are in the normal 
position, this confirms that the recurrent laryngeal nerves 
have not been damaged during dissection of the parathyroid 
glands. The recurrent laryngeal nerves supply all the 
muscles of the larynx except the cricothyroid (which is 
innervated by the external laryngeal nerve) and the mucous 
membrane below the vocal cords. With complete recurrent 
laryngeal nerve paralysis, the vocal fold takes a half- 
abducted position, there is vibration of the fold and stridor 
and the voice becomes hoarse. With partial lesions of the 
recurrent laryngeal nerve, the vocal fold takes an adducted 
position. From the point of view of airway obstruction, a 
partial lesion is more serious than a complete lesion; a 
bilateral partial lesion is life-threatening. 
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Phaeochromocytoma is a rare tumour arising from 
chromaffin cells in the adrenal medulla or in other 
paraganglia of the sympathetic nervous system.” The 
name, meaning ‘dusky-coloured tumour’, was first used 
by Pick” in 1912 although the tumour had been recognized 
earlier by von Frankel.” Successful surgery for excision of 
phaeochromocytoma was first performed by Roux (1926) 
and Mayo (1927).'°! The tumour can exist sporadically or in 
conjunction with other endocrine tumours in the multiple 
endocrine neoplasm (MEN) series.”’ © 85 87 Patients present 
with a variety of symptoms which reflect excessive 
secretion of norepinephrine, epinephrine or dopamine into 
the circulation. Patients with predominantly norepinephr- 
ine-secreting tumours present with hypertension, often 
severe and refractory to conventional therapy. Patients 
with predominantly epinephrine- (and dopamine-) secreting 
tumours present with a variety of symptoms, usually 
episodic, such as tachycardia with palpitations, panic 
attacks and feelings of doom. Few medical conditions 
pose such a severe but unpredictable threat to the patient’s 
life, and it is therefore essential, as soon as a diagnosis is 
made, to commence medical therapy to inhibit the end- 
organ actions of the relevant catecholamines, pending 
surgical excision. 

There has been an increasing tendency for patients with a 
definitive diagnosis of phaeochromocytoma to be referred to 
specialist endocrine surgeons, who in turn work with 
anaesthetists with specialist experience, and this can only 
be beneficial for such patients. Few anaesthetists have 
substantial experience of treating patients with phaeochro- 
mocytoma, but the review by Hull in this journal was a 
landmark,” reflecting his considerable experience in deal- 
ing with the diagnosis, preoperative preparation and anaes- 
thetic management of the condition. In the 13 yr since that 
review was published, a number of new developments have 
occurred in various aspects of the medical, surgical and 
anaesthetic treatment of patients with these rare tumours. 
With the exception of historical landmark papers, I have 
restricted references to those which have appeared since 
1980 and, generally, I have not duplicated those quoted by 
Hull.?” 


\ 


Histological and genetic origins of 
phaeochromocytoma 


Cells embryologically derived from the neuroblasts of the 
neural crest develop in a variety of endocrine and non- 
endocrine tissues, where they secrete polypeptide hormones 
cr hormone precursors (Fig. 1). These cells have a common 
cytochemical function in that they take up chemical 
precursors which they decarboxylate to produce a variety 
of biologically active amines; it is for this reason they have 
been classified as APUD cells (amine and amine precursor 
uptake and decarboxylation).° 7’ Chromosomal mutational 
changes in the RET proto-oncogene cause neoplastic 
changes in these cells, © resulting in the formation of 
tumours which may occur sporadically or as part of a 
familial syndrome. Phaeochromocytomas arise predomin- 
antly from chromaffin cells in the adrenal medulla, although 
about 6% occur in other tissues of neuroectodermal origin 
such as the paraganglial cells of the sympathetic nervous 
system, including those of the organ of Zuckerkandl.’? 5 
There have been sporadic reports of phaeochromocytoma 
arising in the heart or pericardium.** ®° ®° 

The majority (90%) of phaeochromocytomas occur 
sporadically and are benign.°’ In about 10% of patients 
with phaeochromocytoma the adrenal tumour is part of a 
familial diserder such as the MEN syndromes, von 
Recklinghausen disease or von Hippel—Lindau syndrome.*! 


MEN syndromes 


The term MEN describes a series of syndromes which were 
originally identified as familial by the study of specific 
kindreds,© and which are now known to be genetically 
linked.’ 


MEN I 

For completeness it is worth describing Wermer’s syndrome 
(MEN 1),' a rare autosomal dominant disease which has 
been widely studied in nearly 2000 descendants of an 
English migrant to Tasmania,* It consists of tumours of the 
parathyroid glands, pancreatic islets (insulinomas) and 
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Fig 1 Classification of tissues and associated tumours denved from ectodermal cells of the neural crest 


anterior pituitary, but phaeochromocytoma is not a feature 
in this syndrome. 


MEN 2 

MEN 2 is an autosomal dominant syndrome with high 
penetrance and varying expression. Three sub-types are now 
recognized: MEN 2A, B and C. In MEN 2A (Sipple’s 
syndrome), medullary thyroid carcinoma is associated 
with phaeochromocytoma (in about half the patients) and 
hyperparathyroidism. Phaeochromocytomas in this syn- 
drome are frequently bilateral, although sometimes the 
tumour is unilateral and the other adrenal is diffusely 
enlarged and nodular. The medullary thyroid carcinoma is 
diagnosed by immunocytochemical staining for calcitonin 
in needle biopsies, and the diagnosis is usually made earlier 
than that of phaeochromocytoma, whether linked or spor- 
adic. Patients who have been treated for medullary thyroid 
carcinoma should be screened for phaeochromocytoma. 
Urinary screening reveals a higher incidence of epinephr- 
ine-secreting tumours in MEN 2A by comparison with 
sporadic phaeochromocytoma. Genetic screening for me- 
dullary thyroid carcinoma has been used to identify children 
at risk of developing the MEN syndrome, and I have 
anaesthetized two such children, aged 10 and 12 yr, for 
prophylactic thyroidectomy. These children will require 
regular screening to detect the probable future development 
of phaeochromocytoma. In MEN 2B there is medullary 
thyroid carcinoma, phaeochromocytoma and a specific 
phenotype consisting of a Marfan-like body habitus, 
mucosal neuromas and intestinal ganglioneuromas.”’ ay 
Parathyroid involvement is very uncommon in this syn- 
drome. Phaeochromocytomas are generally a late manifest- 
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ation in this syndrome, and are rarely bilateral or malignant. 
This subtype, which has previously been classified as MEN 
3,°° accounts for about 5% of all MEN 2. MEN 2C consists 
of patients having familial inherited medullary thyroid 
carcinoma without any other endocrine manifestation.*! 

It seems probable that RET gene mutations occur in 
thyroid parafollicular C cells, adrenal chromaffin cells and 
autonomic and intestinal paraganglia, causing the neoplastic 
changes in these syndromes. 


Von Recklinghausen disease (neurofibromatosis) 


Type 1 neurofibromatosis (NF1) is a rare (one in 3000) 
autosomal dominant disorder produced by somatic muta- 
tions in the NF J gene on chromosome 17, but only 1% of 
patients with this condition develop phaeochromocytoma.*! 
The clinical association of café-au-lait spots and neurofi- 
bromata should raise a suspicion of a phaeochromocytoma. 


Von Hippel-Lindau syndrome 


This rare and complex syndrome includes retinal angioma- 
tosis (von Hippel disease), cerebellar haemangioblastoma 
(Lindau disease), pancreatic cysts, renal cysts and carcino- 
ma and epididymal cystadenoma. The adrenal glands may 
be involved, with an associated phaeochromocytoma.’! 


Clinical presentation 

Hypertension is one of the commonest clinical conditions 
with which patients present to their general practitioner: 7 
Hypertension is the commonest presenting sign in patients 
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with phaeochromocytoma. However, only one in 400-800 
hypertensive patients has a phaeochromocytoma. Most 
general practitioners and, indeed, most physicians do not 
think ‘phaeochromocytoma’ when they encounter a new 
hypertensive patient in their practice or clinic. A substantial 
proportion of phaeochromocytomas secrete predominantly 
norepinephrine, often in huge quantities, sometimes parox- 
ysmally, but usually sustained; thus sustained hypertension 
is the commonest presentation for this tumour.*” Headache, 
the commonest symptom secondary to hypertension, is 
unlikely to alert the attending physician to the possibility of 
such a rare tumour. However, when the headaches are 
intermittent but regular, severe and associated with nausea 
and vomiting, or with slow palpitations (baroreceptor- 
induced bradycardia), the inconceivable possibility should 
cross the physician’s mind. In my (recently published) 
series, ” 85% of patients first presented with hypertension, 
subsequently linked with markedly increased urinary 
norepinephrine secretion. Prolonged exposure of the circu- 
lation to high circulating norepinephrine concentrations 
results in constriction of both arteriolar and venous 
segments with a marked decrease in circulating blood 
volume. Such events used to be more common when 
phaeochromocytoma was less frequently diagnosed and 
treated. However, patients with unrecognized phaeochro- 
mocytoma may be anaesthetized for other types of surgery; 
under these circumstances, induction of anaesthesia may 
cause widespread venodilation and thus cause profound 
arterial hypotension. Some patients present with increased 
blood glucose concentrations as a result of glycogenolysis 
together with impaired insulin release by the islet cells of 
the pancreas.” *” The overall picture depends on the 
relative proportions of norepinephrine and epinephrine 
secreted by individual tumours. Persistent, untreated 
hypertension in patients with norepinephrine-secreting 
tumours may result in left ventricular failure with systemic 
arterial shutdown, leading to severe metabolic acidosis 
and death.°” “4 

Only a small proportion, about 10-17%, of patients with 
phaeochromocytoma present with paroxysmal symptoms 
which reflect excessive secretion of epinephrine and 
dopamine—paroxysmal tachycardia sensed by the patient 
as palpitations, trembling, sweating and blanching, associ- 
ated with feelings of panic and doom. The role of circulating 
epinephrine in the genesis of these symptoms was estab- 
lished as long ago as 1936;° © the role of circulating 
dopamine is not established, though it is likely that 
symptoms relating to vasodilation in the gastrointestinal 
tract, such as nausea and vomiting, can be explained by high 
dopamine concentrations. The relevance of dopamine 
secretion in malignant and aberrant phaeochromocytomas 
was hinted at more recently.’ ° Increased dopamine 
secretion by a malignant phaeochromocytoma has been 
described as a cause of increased outlet resistance of the 
prostatic urethra.’ When symptoms of palpitations, sweat- 
ing and fainting, accompanied by hypertension, occur after 


voiding urine, a phaeochromocytoma of the urinary bladder 
should be considered.™ ° They account for 0.06% of all 
bladder tumours. Although it has been possible to measure 
free dopamine concentration in both blood and urine for >20 
yr, few clinical biochemical laboratories routinely report 
dopamine excretion in 24 h urine collections. Excessive 
epinephrine secretion also causes hypermetabolism with 
weight loss, and stimulation of insulin release through a $2- 
adrenoceptor mechanism,’* although the latter may be 
offset by the effects of circulating norepinephrine. 
Prolonged exposure to increased concentrations of circu- 
lating catecholamine may result in a form of dilated 
cardiomyopathy linked with ventricular failure in about 
one-third of patients *” ? though it is not clear whether this 
results from &- or B-adrenoceptor activation. The histolo- 
gical picture is of myofibrillar degeneration with interstitial 
infiltration by mononucleocytes, with secondary fibrosis and 
calcification. A similar catecholamine-induced cardiomyo- 
pathy has been described in patients with prolonged 
sympathetic overactivity in tetanus. By contrast, hyper- 
trophic cardiomyopathy may result from norepinephrine- 
induced hypertension.*” 
Phaeochromocytoma is a great mimic and may present in 
a huge variety of ways. Darby and Prys-Roberts!’ described 
a patient who presented in high-output left ventricular 
failure resulting from arterio—venous shunting through a 
huge suprarenal mass which turned out to be a phaeochro- 
mocytoma. High output failure has also been described as a 
complication of excessive epinephrine production with 
cardiomyopathy,” and one can only wonder whether 
excessive dopamine excretion could have been a contribu- 
tory cause. Acute pulmonary oedema may complicate 
phaeochromocytoma at any time; it has been described as 
arising during recovery from anaesthesia”? and as a response 
to a small therapeutic dose of propranolol.” 
Phaeochromocytoma can present during pregnancy and 
mimic the usual symptoms and signs of toxaemia, either as 
simple hypertension or fulminant eclampsia. Management 
of anaesthesia and surgery during pregnancy follows the 
same principles as for the general population.’ ee eee 
Previously undiagnosed phaeochromocytoma has been 
reported as complicating Caesarean section. 
Phaeochromocytoma is an extremely rare tumour in 
children’? °! but should be searched for in those presenting 
with episodic hypertension, and in the children of families 
with known histories of medullary thyroid cancer or 
phaeochromocytoma or both. Pre- and intra-operative 
management should follow the same principles as for adults. 


Diagnosis 

Once the combination of symptoms and signs has suggested 
a diagnosis of phaeochromocytoma, the best confirmatory 
test is to measure free catecholamines in a 24 h urine 
collection. High performance liquid chromatography with 
electrochemical detection allows accurate measurement of 
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Table 1 Normal values for catecholamines and their metabolites in plasma and 24 h urine collection 





Urine concentration (nmol 24 bh 




















Molecular weight 1 mg=x mol“ Plasma concentration (pg mi) 
Epinephrine 183 5.46 40-100 «140 
Norepinephrine 169 5.92 200-400 <800 
Dopamine 152 6.58 <1400 
Metanephrine 197 5.08 <2000 
Normetanephrine 183 5.46 <5000 
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Fig 2 Relationship between systolic and diastolic arterial pressures at time of diagnosis of phaeechromocytoma and 24 bh urinary nore 
excretion. Dashed lines indicate patients with predominantly epinephrine-secreting tumours; continuous lines indicate patients with pred 
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norepinephrine-secreting tumours, Based on data from Prys-Roberts and Farndon,” 


free epinephrine, norepinephrine and dopamine in body 
fluids, such as urine or blood.*’ This technique has fully 
superseded the older techniques for measuring urinary 
catecholamine metabolites, such as metanephrine or 
normetanephrine and their further co-metabolite vanillyl 
mandelic acid (VMA), sometimes referred to as hydroxy- 
methoxypheny! glycol (HMPG). Dopamine is metabolized 
to homovanillic acid (HVA) sometimes confused with 
VMA. However, Eisenhofer and Lenders continue to extol 
the diagnostic virtues of plasma or urinary metanephrines as 
markers of phaeochromocytoma.”° 7! Table 1 shows the 
normal values for the three endogenous catecholamines, 
with indications of the equivalent values for metanephrines 
and VMA. 

Manger and Gifford?” state that no close correlation 
exists between arterial pressure and plasma catechol- 
amine concentrations. That may well be the case if one 
considers all phaeochromocytomas, both epinephrine and 
norepinephrine secretors. However, in my series of 19 
patients in whom measurements of free urinary catechol- 
amines were made, 16 patients showed predominant 
norepinephrine secretion of whom 13 had normal 
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epinephrine concentrations, and a further three had 
slightly increased epinephrine secretion.” Only three 
patients showed predominantly elevated epinephrine 
secretion which was consistent with their pre-ciagnosis 
symptoms. Five patients also showed markedly elevated 
dopamine secretion, the highest levels being in the three 
patients who showed predominantly epinephrine secre- 
tion. In those patients who bad a predominant 
norepinephrine secretion there was a correlation between 
systolic and diastolic arterial pressure and the 24 h 
urinary norepinephrine secretion (Fig. 2). The major 
unknown factor is the role of dopamine in the causation 
of symptoms in patients with phaeochromocytoma. In 
my series, excessive dopamine secretion was present in 
five patients.” Such a low proportion patients 
secreting epinephrine may disallow the concept that if 
epinephrine is the predominant catecholamine then the 
location of the tumour is likely to be adrenal or the 
organ of Zuckerkandl. 

Plasma concentrations of catecholamines may give good 
correlations with urinary catecholamine or metabolite 
concentrations in patients with sustained rather than 
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Fig 3 MRI scan of a patient with a moderately large left-sided phaeochromocytoma 


episodic symptoms. Measurements of plasma catechol- 
amine concentrations made during an episode of cardio- 
vascular instability the nature of the 


may exaggerate 


phaeochromocytoma. 


Localization 


Once the diagnosis of phaeochromocytoma has been 
confirmed by elevated urinary catecholamines, it is essential 
to start the process of localization. Shortly after Hull's 
review,” magnetic resonance imaging (MRI) was intro- 
duced and rapidly acquired a reputation for being pre- 
eminent as a method for identifying phaeochromocytoma.~* 
Over the past 10 yr, it has become apparent that MRI (Fig. 3) 
and computerized tomography (CT) both provide accurate 
and consistent identification of the majority of phaeochro- 
mocytomas, particularly when the tumours occur in the 
suprarenal area.”' Tumours as small as 1 cm can be 
recognized. Cystic phaeochromocytoma may be particularly 
easy to diagnose by MRI because such tumours have a high 
water content and so give a good signal 

Recurrent tumours, metastases and tumours in unusual 
sites may have to be identified with the radiopharmaceutical 
agent (MIBG). '°* 


MIBG has been effective in identifying uncommon sites 


('*'I]meta-iodobenzyl guanidine 
° x) 

such as the urinary bladder and the pericardium,”” but has 

that it taken up by 

neuroblastomas, medullary thyroid carcinomas, carcinoids 


some disadvantages in may be 

and small-cell carcinomas of the lung. Drugs such as 
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labetalol,” reserpine, adrenergic neurone blockers, calcium 

channel blockers and some tricyclic antidepressants are 


known to interfere with the uptake of MIBG 
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° ‘ 10 
Older techniques, such as the pentolinium ~ and clonidine 
ae s 
suppression test,” “” glucagon provocative test’ and select- 


ive adrenal vein blood sampling, are now rarely needed. 


Preoperative pharmacological control 

Once the diagnosis of phaeochromocytoma has been made, 
there little doubt that 
procedure, but immediate pharmacological control of the 


is surgery is the only curative 
adverse effects of circulating catecholamines is essential. 
Immediate surgery is rarely essential; the main objective is 
to control arterial pressure, heart rate and arrhythmias and, 
especially, to allow blood volume to be restored to normal. 


a-Adrenoceptor antagonists 


Phenoxybenzamine has been widely used since the early 
z 10 . 
1950s" as the mainstay of pre- and perioperative control of 
s p n 37 57 8R 
blood pressure in patients with phaeochromocytoma, 
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and was still being advocated recently.” ; = Advantages 
claimed for phenoxybenzamine are that it has a long 
duration of action, allowing twice-daily oral ingestion, and 
that it produces non-competitive blockade as a result of 
covalent binding of the drug to the receptor.” The latter 
the ot of 
catecholamine release during the preoperative preparatory 
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effect is claimed to prevent effects surges 


period. 


Disadvantages of phenoxybenzamine are numerous. 
First, being a non-selective G-adrenoceptor antagonist, it 
blocks O,-adrenoceptors, especially those on the pre- 
synaptic membrane of adrenergic neurone terminals which 


are part of a negative feedback loop regulating release of 
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norepinephrine.>? Consequently, the release of norepinephr- 


ine at cardiac sympathetic nerve endings is uninhibited and . 
what would otherwise be normal sympathetic nerve activity ` 


causes undesirable chronotropic and inotropic effects. 
Traditionally, these have been controlled by adjuvant B- 
adrenoceptor antagonists.”’ >’ Second, the non-competitive 
covalent binding results in an irreversible block which has 
been attributed to alkylation of the a-receptor by a highly 
reactive carbonium ion formed by cleavage of the tertiary 
amine of phenoxybenzamine.*> Although the pharmaco- 
logical half-life of phenoxybenzamine is about 24 h, the 
prolongation of the receptor blockade depends on the rate of 
re-synthesis of the receptors.’ 3 One of the main findings 
of my recent study was the marked prolongation of a- 
adrenoceptor blockade in the postoperative period despite 
stopping the administration of phenoxybenzamine 24-48 h 
before the operation.” A number of postoperative problems 
can be attributed to such an effect. Patients who have been 
subjected to long-term phenoxybenzamine therapy are often 
very somnolent in the first 48 h after surgery,” and this may 
result from persistent central @,-adrenoceptor blockade. As 
the systemic arterioles are insensitive to o-adrenoceptor 
agonists in such ‘patients, it has been established practice to 
expand the intravascular volume in excess of predicted or 
measured fluid losses,’ resulting in marked interstitial fluid 
retention and widespread peripheral oedema. Other disad- 
vantages of phenoxybenzamine given before an operation 
are that it causes somnolence, headache and a stuffy nose— 
all central side-effects related to a2-adrenoceptor block- 
ade—and consistent and marked postural hypotension. The 
latter occurred in all eight of the phenoxybenzamine-treated 
patients in my series.” 

Phenoxybenzamine should be started in small doses (10 
mg, two or three times daily) and increased gradually until 
either all signs of pressor activity have been suppressed, or 
until the patient complains of the side-effects of postural 
hypotension or a stuffy nose, or both, usually when doses 
exceed 90 mg day™!. Tachycardia should be controlled by 
the careful troduction of a B-adrenoceptor antagonist. In 
my series,” physicians chose a variety of B-adrenoceptor 
antagonists (propranolol 160 mg bd, atenolol 100 mg od, 
metoprolol 150 mg X 3, labetalol 100 mg bd). 

Selective competitive o,-adrenoceptor blockade with 
prazosin in patients with phaeochromocytoma was advo- 
cated by Wallace and Gill’ and others in the Americas, 1° 7° 
but failed to achieve widespread popularity. One reason for 
this may be that physicians were reticent to use greater doses 
of prazosin, then a new drug in the treatment of hyperten- 
sion, to control patients’ arterial pressure. Prazosin, a drug 
with high first-pass metabolism,”® was therefore probably 
given in inadequate dosage, even though by sparing 02- 
adrenoceptors, it would have minimized -adrenergic 
activation in the heart.” Because of its high clearance (4— 
5 ml min™ kg™') and its short elimination half-life (2-3 h), 
prazosin blood concentrations: may decrease to ineffective 
levels at the time of surgery if the last dose was given on the 
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Fig 4 Structure of doxazosin, a selective -adrenoceptor antagonist with 
a bioavailability of >70%, a low plasma clearance and a long elimmmation 
half-life. Doses of 2-16 mg day”! can mamtan effective o1-adrenoceptor 
blockade over a 24 h period 


previous night. Russell and colleagues’ claim that 
phenoxybenzamine pretreatment provided superior intra- 
operative stability to prazosin, though this was a comparison 
of only one patient receiving prazosin (no dosage given) 
with 12 patients receiving phenoxybenzamine. The hypo- 
tensive effect of prazosin is concentration dependent and 
this drug may also have a profound hypotensive effect on the 
first dose. This latter effect may reflect the immediate effects 
of arteriolar dilation in a patient who has been in a state of 
venoconstriction and arteriolar constriction with low 
circulating blood volume,*® a state characteristic of 
prolonged elevated norepinephrine secretion. Prazosin 
should be introduced in a dose of 1 mg every 8 h and 
gradually increased up to 12 mg daily.” 

Doxazosin (Fig. 4) is a competitive and selective a)- 
adrenoceptor agonist which, being non-lipophilic, has a 
high bioavailability (70%) and does not readily cross the 
blood-brain barrier, and has a long duration of action 
allowing once-a-day dosing.‘ '? 7? Mean peak plasma 
concentrations of about 8 ug litre”! can be achieved within 4 
h of a single oral dose of doxazosin 1 mg, and increase 
linearly with doses up to 16 mg daily.’* Doxazosin increases 
renal perfusion, decreases renal vascular resistance and does 
not modify the renal response to exercise.!® °° 1% I selected 
doxazosin in 1991 as a drug with a near-ideal profile for the 
preoperative management of patients with phaeochromocy- 
toma. Since then 20 patients, 18 with phaeochromocytoma 
and two with paraganglionoma, have been treated success- 
fully with doxazosin in doses from 2 to 8 mg day~!.”” 
Doxazosin was used alone in 11 of these patients, all of 
whom had been diagnosed as predominantly norepinephrine 
secretors based on urinary free catecholamine measure- 
ments. Five patients also received small doses of B- 
adrenoceptor antagonists because the primary physicians 
could not be persuaded to omit the drug! Only one patient 
complained of moderate postural hypotension. Preoperative 
control of arterial pressure was at least as good as that 
achieved with phenoxybenzamine (Table 2). As doxazosin 
does not block the presynaptic a,-adrenoceptors which 
regulate norepinephrine release at cardiac adrenergic nerve 
endings, it is unnecessary to administer B-adrenoceptor 
antagonists unless the patient has an epinephrine-secreting 
tumour. Three patients with predominantly epinephrine- 
(and dopamine-) secreting tumours were treated effectively 
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Table 2 Preoperative blood pressures in patents treated with 
phenoxybenzamune or doxazosin '? Data are expressed as mean (SD) 


Phenoxybenzamine Doxazosin P 





(128) (n=18) 
Pre-operative arterial pressure 
(mm Hg) 
systolic 162 (177) 150 (23.9) 0220 
diastolic 92 (15.3) 77055) 0029 
Heart rate (beats min!) n (126) 751D) 0451 





with a combination of doxazosin (2-4 mg day~') and 
labetalol (200-400 mg day~’). 

While doxazosin controls arterial pressure satisfactorily 
in the preoperative management of the patient, there will 
still be a need for supplementary &- and B-receptor block 
during surgical manipulation of the tumour. In my series 
there was no significant difference in intraoperative 
phentolamine or labetalol requirements between the phe- 
noxybenzamine- and doxazosin-treated patients.” 

Terazosin is an alternative selective c,-adrenoceptor 
antagomst with pharmacokinetic characteristics similar to 
those of doxazosin, but with a shorter half-life. 


[Adrenoceptor antagonists 


There are two reasons for using B-adrenoceptor antagonists 
in the preoperative treatment of patients with phaeochro- 
mocytoma. The first is to lmit symptoms and signs referable 
to increased circulating epinephrine, mainly manifest as 
tachycardia with or without cardiac arrhythmias. These will 
be evident in patients with predominantly epinephrine- (and 
dopamine-) secreting tumours. As the prime objective is to 
limit excessive tachycardia with or without arrhythmias 
mediated through B,-adrenoceptors, it is logical to use 
selective B,-adrenoceptor antagonists such as atenolol (100 
mg day) or bisoprolol (10-20 mg day~') in order to 
minimize undesirable side-effects in the bronchi or periph- 
eral vasculature. Labetalol (100-400 mg day~') has been 
chosen because it antagonizes both a- and B-adrenoceptors. 
The o-adrenoceptor block is competitive but weak, but will 
supplement additively any pre-existing o-block resulting 
from the use of phenoxybenzamine, prazosin or doxazosin. 
Carvedilol (12.550 mg day~') is another B-adrenoceptor 
antagonist having weak a-blocking effects. Other non- 
selective (i.e. mixed B; and B)) antagonists such as 
propranolol (40-240 mg day~’) or metoprolol (50-200 mg 
day~') may be used, but care must be exercised in 
preselecting patients who do not have a history of obstruct- 
ive airway disease or peripheral arterial disease. Celiprolol 
(200-400 mg day~'), which has B, antagonist and Ba agonist 
effects,°” may be the drug of choice in such patients. 

The second reason is to block excessive cardiac sympa- 
thetic drive secondary to suppression of the presynaptic a- 
regulating mechanism by drugs such as phenoxybenzamine. 
In my series ” it has been found to be unnecessary to use B- 
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adrenoceptor antagonists with doxazosin. except in patients 
known to be epinephrine secretors. 

Suppression of B-adrenoceptor-mediated cardiac sympa- 
thetic activity in the absence of adequate arteriolar dilation 
may precipitate acute pulmonary oedema.*” A 17 yr old 
female in my series” went into acute pulmonary oedema 
shortly after a small mtravenous dose of propranolol to 
control tachycardia after admission to hospital. It is 
therefore considered to be very unwise to administer B- 
adrenoceptor antagonists to patients with phaeochromocy- 
toma without first ensuring adequate arteriolar dilation,”” 
and then only under continuous cardiovascular monitoring. 


Other drugs 


Although there are devotees of the use of other antihyper- 
tensive drugs in the preoperative management of patients 
with phaeochromocytoma, there is little evidence to support 
their use. One report described exclusive use of calcium 
channel bicckers in the pre- and intra-operative control of 
10 patients with phaeochromocytoma.”° Another suggested 
that nifedipine blocked surges of sympathetic activity in one 
patient with phaeochromocytoma of the urinary bladder,” 
and another reported suppression of symptoms in a patient 
with norepinephrine-induced cardiomyopathy. The 
advantages of ACE inhibitors (ramipril) or angiotensin II 
antagonists {such as losartan or irbesartan) ın reversing left 
ventricular hypertrophy are of doubtful value in the 
preoperative management of most phaeochromocytomas 
as the hypertensive stimulus (norepinephrine) usually 
reverts to normal after surgery. 

Alpha-methy!-p-tyrosine (AMPT) was used in the 1960s 
to inhibit the rate-limiting conversion of tyrosine to dopa by 
suppressing tyrosine hydroxylase,°’ thus decreasing the 
synthesis of catecholamines by 40-80%. Its use has not 
stood the test of time, probably because of the high 
incidence of undesirable side-effects. However, there is an 
interesting report of its use in a child with catecholamine- 
induced dilational cardiomyopathy.?? 


Management of anaesthesia and surgery 


Surgery 


The management of anaesthesia and monitoring for surgery 
of phaeochromocytoma and paraganglionomas will depend 
to some extent on the surgical approach. Adrenalectomy for 
phaeochromocytoma has traditionally been performed by 
open lateral retroperitoneal surgery, though a transabdom- 
inal approach may be necessary in a few patients. Recently, 
laparoscopic transperitoneal excision of phaeochromocyto- 
ma has become feasible. Open surgery is usually quicker, 
but the patient may require longer postoperative hospitali- 
zation. In the absence of complications resulting from 
persistent adrenergic blockade, patients may be ready to 
leave hospital 36-48 h after laparoscopic surgery. 


Phaeochromocytoma 


Manipulation of the tumour during open surgery, with its 
haemodynamic responses, may be inevitable but can usually 
be of short duration. In my experience, laparoscopic 
excision of a phaeochromocytoma requires persistent tissue 
traction and diathermy or ultrasound coagulation which may 
cause sustained haemodynamic consequences of at least the 
same severity as may be expected during open surgery, but 
for a rather longer period of time. The quid pro quo is the 
shorter postoperative hospital stay. Laparoscopic surgery 
may prove too difficult, requiring open surgery on the same 
occasion or subsequently. The surgical approach will also 
influence the anaesthetist’s plan for postoperative analgesia. 


Anaesthesia 


To quote Hull,” ‘Since the first successful operation by the 
Swiss surgeon Roux in 1926, almost every possible 
anaesthetic technique has been advocated.’ I share Hull’s 
view that a rational anaesthetic technique should be based 
on sound pharmacological principles rather than an ‘idio- 
syncratic fondness for particular drugs or methods’! I differ 
from Hull only in preferring a combined regional and 
general anaesthetic technique, using a segmental mid- to 
low-thoracic epidural combined with adequate general 
anaesthesia, and selective adrenergic antagonists, phentola- 
mine and labetalol to control haemodynamic surges in 
response to tumour manipulation. Schiittler has also advo- 
cated rational management during surgery based on meas- 
urement of catecholamine secretions. 


A practical rational technique 


The following basic technique, with minor changes over a 
period of 32 yr, has been uniformly successful in >50 
operations for phaeochromocytoma, in Oxford and Bristol. I 
changed from halothane to isoflurane when the latter 
became available in the early 1980s and substituted 
atracurium for alcuronium at about the same time. Apart 
from one patient who died of an inoperable malignant 
phaeochromocytoma within a week of attempted surgery, 
there have been no other deaths within 31 days of surgery, 
and no serious postoperative complications. In the earlier 
patients in my series, refractory hypotension in the early 
postoperative period can, with hindsight, be attributed to the 
undesirable lingering effects of phenoxybenzamine therapy 
(see below). Since the change to preoperative management 
with doxazosin in 1992, the subsequent 21 patients have 
been remarkably free of intra- or post-operative problems. 

The last preoperative doses of adrenergic antagonists 
should be given at about 22.00 h on the evening before 
surgery, anticipating a start of anaesthesia at 08.30 h. 
Phenoxybenzamine, if it has been used preoperatively, 
should be withdrawn at least 48 h before surgery. Such a 
plan results in a patient whose relevant adrenoceptors are 
adequately blocked (see below), and whose haemodynamic 
State is stable up to the time of surgical manipulation of the 
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tumour. Oral premedication with temazepam (10-30 mg) 
suffices in most patients. 

Peripheral venous, arterial and central venous (antecubi- 
tal or internal jugular vein entry) catheters are placed under 
local anaesthesia and haemodynamic monitoring is estab- 
lished together with ECG (CM5 lead) and pulse oximeter. I 
have only once felt the need for balloon-occluded pulmon- 
ary artery pressure measurement. "7 

After preoxygenation, I induce anaesthesia wıth fentanyl 
5 ug kg” and propofol 1 mg kg™ followed by atracurium 
0.5 mg kg? when the patient no longer responds to 
command, Following tracheal intubation and insertion of a 
nasogastric tube, the patient’s lungs are ventilated with a 
tidal volume of 10 ml kg™ at a rate of 10-12 breaths min™’, 
using a circle system, either without a soda-lime absorber, 
or with a soda-lime absorber with a partial bypass. This 
allows controlled partial rebreathing of carbon dioxide, 
allowing the patient’s end-tidal PCO; to be controlled at 38 
mm Hg (5.1 kPa). I maintain anaesthesia with isoflurane in 
an air—oxygen mixture to achieve an Flo, of about 0.5, and 
an end-tidal isoflurane concentration of about 0.9%. The 
patient can then be tumed, carefully, on to their side for 
sterile placement of an epidural catheter at an appropriate 
site for the proposed surgical incision, usually a paraspinous 
mid- (T9-10) to low- (T12-L1) thoracic Tuohy needle 
placement, allowing a catheter length of 5 cm in the epidural 
space. I inject bupivacaine (4 ml of 0.5% solution) into the 
epidural space before placement of the catheter and I give 
further incremental doses of 4 ml of 0.5% bupivacaine at 1 h 
intervals throughout surgery. I have never seen a severe 
hypertensive or tachycardic response to turning the patient. 
The patient is then transferred to the operating theatre and 
positioned for the planned surgical approach. This technique 
is equally applicable for both open and laparoscopic surgical 
approaches. For laparoscopic surgery, the patient is placed 
in the full lateral position with the anticipated tumour site 
uppermost. 

Once the epidural block is effective, further doses of 
fentanyl or neuromuscular blocking drug are rarely required 
for open surgery, although during laparoscopic surgery it 
may be necessary to use small doses of either drug to 
suppress the drive to breathe as carbon dioxide is absorbed 
from the peritoneal cavity. 


Pharmacological control of catecholamine release 
during surgery 

The combination of adequate regional anaesthesia with 
general anaesthesia sufficient to prevent the patient cough- 
ing on the tracheal tube provides satisfactory conditions for 
the initial surgical incision and exposure of the tumour. 
Manipulation of the tumour, however gently performed, 
usually causes a brisk haemodynamic response. In patients 
with norepinephrine-secreting tumours this response is 
predominantly a pressor response, the systolic arterial 
pressure rising from a basal 100-120 mm Hg about 20 s 
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Phentolamine (mg): 22 1 1 2 2 
Labetalo! (mg): § 
Phenylephrine (ug): 200 


Fig 5 Computer reconstruction of patient record (Hewlett-Packard Merhn) for patient 20,” a predominantly norepmephrine secretor (7500 nmol 
24 K’), showing changes of heart rate (HR), systolic (SAP) and diastolic (DAP) arterial pressures, and central venous pressure (CVP) Note the 
response to direct tumour handling at 09.50 h, in which systolic and diastolic artertal pressure increase swiftly together with an initial increase im heart 
rate. When the systolic arterial pressure reaches 160 mm Hg, there is a sudden reversal of the heart rate response, presumably as a result of a 
baroreflex response; this occurs before the phentolamine and labetalol have reached their relevant receptors. This biphasic response was observed in 
four other patients all of whom had predominantly norepimephrine-secreting tumours Note also the sudden exponential decrease in arterial pressure 
immediately after the final vein drainmg the tumour had been ligated. This response was observed in all the patients having predominantly 
norepinephrine-secreting tumours. Note the diminished arterial pressure increase (approximately 16 mm Hg) in response to phenylephrine 200 ug, 
indicating a substantial degree of a-adrenoceptor blockade. Note also the step increase in arterial pressure when the patient recovers consciousness 
Key: I=induction, T=tracheal intubation, E=turing the patient on to side to perform epidural, S=initial surgical incision, V=ligation of final 
connecting vein, A=patient awake and responding to command 


labetalol 20 mg i.v. over a period of 10 min before 
anticipated tumour handling, followed by phentolamine or 
labetalol, or both, to control anticipated or extant surges 
Dose (mg) Phenoxybenzamine (1=8) Doxazosin (4=18) P (Fig. 6). Esmolol, having an ultra-short elimination half-life, 


Table 3 Supplemental doses of phentolamme and labetalol required in 
patients pretreated with phenoxybenzamme or doxazosin”’ 





Phentolamine 9.6 (68) 1176 0652 has been proposed as a suitable drug for the control of B- 
Labetalol 33 1 (8.4) 15.8 (8.2) 0.080 adrenoceptor-mediated haemodynamic changes. 7° 1% 


There is little evidence that residual B-adrenoceptor block- 
ade by longer-acting drugs is a drawback. 

In most patients with a unilateral phaeochromocytoma it 
after surgical manipulation. I attempt to give phentolamine is possible to identify the moment the surgeon ligates the 
2 mg i.v. in anticipation of this event, partly to suppress it, predominant or last major emptying vein from the tumour as 
and partly to assess the patient’s response to such a dose. In an exponential decrease of arterial pressure over a 5 min 
the event that this pressor response is accompanied by period to a level below the pre-handling arterial pressure 
tachycardia, I use 5 mg incremental doses of labetalol to (Fig. 5). 
suppress it (Fig. 5). Subsequently it is possible to control the In patients pretreated with phenoxybenzamine it has been 
surges of systolic arterial pressure and heart rate by my experience that mean (SD) systolic arterial pressure 
judiciously timed combination of these two drugs, together remains relatively low (100 (12) mm Hg) during the first 1- 
with transient increased concentrations of isoflurane. The 2 h after surgery despite vigorous attempts to fill the 
average phentolamine and labetalol requirements in my circulation with colloid solutions (previously dextran 70, 
recent series’’ are shown in Table 3. In patients with a now gelatin) to increase the central venous pressure to =8 
predicted predominant epinephrine (and dopamine) secre- mm Hg. Such patients can be unresponsive to huge doses of 
tion I would anticipate an increase in heart rate by giving )-adrenoceptor agonists such as phenylephrine, methox- 
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Fig 6 Computer reconstruction of patient record (Hewlett-Packard Merlin) for patient 17,” showing changes of heart rate (HR), systole (SAP) and 
diastolic (DAP) arterial pressures and central venous pressure (CVP). This patient had a predominantly epinephnne- (1571 nmol 24 h’) and 
dopamine- (14 916 nmol 24 h™) secreting tumour. Note the tachycardia in response to initial tumour handling despite labetalol 10 mg given 5 min 
earlier, and the exponential decrease of heart rate to <50 beats min” after ligation of the final draining vein of the tumour. Key as m Fig. 5. 


amine or norepinephrine (see below). Patients pretreated 
with doxazosin are much less refractory, indeed their 
systolic arterial pressure remains moderately low during the 
remainder of the surgical procedure but returns sharply to 
normal! levels (118 (14) mm Hg) as soon as consciousness 
returns and cerebral arousal stimulates the sympathetic 
nervous system.” Such patients require much less fluid 
loading in the postoperative period and consequently have a 
significantly lower positive fluid balance in the first three 
postoperative days (2800 (1380) ml) compared with patients 
receiving phenoxybenzamine (4800 (2474) ml).”” Most 
patients (93%) pretreated with phenoxybenzamine were 
clinically oedematous during this period, whereas only one 
of the 19 patients who received doxazosin was oedematous. 

All patients have been returned, breathing spontaneously 
and with full analgesia, to a high-dependency bed in the 
intensive care unit (ICU) for monitoring and observation, 
and most have been discharged to the general ward the 
following day. 


Assessment of adrenergic block 


Since 1988, I have assessed the degree of o-adrenoceptor 
blockade in all patients with phaeochromocytoma.”” This 
was done by constructing dose-response curves represent- 
ing the increase in systolic arterial pressure to increasing 
intravenous doses of phenylephrine.’”* These curves were 
‘constructed before induction of anaesthesia in the awake 
patient in the anaesthetic- room, during surgery before 
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tumour handling, at the end of surgery before departing to 
the ICU and on the first and sometimes later postoperative 
days. These dose-response curves were an extension of a 
method which was validated for B-adrenoceptor antag- 
onists.!° Patients pretreated with B-adrenoceptor antagonists 
were tested in the same manner, deriving dose-response 
curves for isoprenaline. 

Thus patients treated with varying doses of adrenoceptor 
antagonists can be assessed before, during and after surgery, 
to enable the anaesthetist to control the patient’s state of 
protection more precisely. The data obtained from patients 
receiving phenoxybenzamine established the extensive 
duration of non-competitive o-blockade,”’ up to 2 weeks 
after the drug has been discontinued; confirming previous 
evidence from studies in animals.” *? The data from 
patients receiving doxazosin confirm the competitive nature 
of the antagonism in patients with phaeochromocytoma and 
the very rapid return to normal within 24-36 h after 
discontinuing the doxazosin.”” 


Alternative anaesthetic and adrenoceptor antagonist 
Strategies 

Hull, in his 1986 review, preferred a balanced anaesthetic 
scheme of enflurane in nitrous oxide supplemented with an 
alfentanil infusion and sustained neuromuscular block.’ 
This technique was supplemented by intravenous infusion 
of a potent vasodilator to control hypertension, and a B- 
adrenoceptor antagonist. In his review, Hull did not indicate 
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specifically his choice of arteriolar dilator, but indicated that 
sodium nitroprusside (SNP) ‘is currently the most widely 
used’. While I would question the accuracy of this 
statement, even at that time, there is ample evidence that 
SNP has been successfully used.? ©’ ° While SNP may be 
effective in causing arteriolar dilation and suppressing the 
hypertensive response to circulating catecholamines, evi- 
dence from our own studies show that isoflurane is as 
effective as an arteriolar dilator and almost as rapid in onset, 
while avoiding the undesirable metabolic consequences of 
prolonged SNP infusions.® °° SNP was specifically advo- 
cated to supplement the ‘anaesthetic’ management (fentanyl 
50 ug kg’ alone) of an 11 yr old child with a single 
ventricle and phaeochromocytoma to avoid impairment of 
ventricular function.” 

The most widely quoted alternative to SNP is phentola- 
mine, a competitive œ- and weak o,-adrenoceptor antag- 
onist, which can be given intravenously as an infusion or as 
incremental doses of 1-2 mg. Hull claims that ‘phentola- 
mine is less satisfactory because tachycardia is an invariable 
problem’.*’ I find this somewhat puzzling in that I have used 
phentolamine for all my phaeochromocytomas except two 
over the past 32 yr without observing a substantial 
tachycardia that could be attributed directly to phentolamine 
in any patient. Admittedly, most of my patients have also 
received a B-adrenoceptor antagonist during surgery and 
would therefore be unlikely to manifest such a tachycardia 
secondary to catecholamine release at cardiac nerve 
endings, but those are the very circumstances under which 
phentolamine should be used in the management of these 
patients. 

Calcium channel blockers have been used by a number of 
authors, based on the concept that calcium ion transfer is 
essential for the release of catecholamines from the 
chromaffin cells of the adrenal medulla’? ** and from 
adrenergic nerve endings.” A French group has advocated 
the use of calcium channel blockers exclusively in the 
preoperative preparation of patients’ and there are a 
number of case reports in which nifedipine or nicardipine 
has been used.” 5? 58 64 82 By contrast, Munro and colleagues 
report poor pre- and intra-operative control of a patient with 
a malignant phaeochromocytoma.®” 

Takahashi and colleagues” report the use of prostaglan- 
din E,”° combined with labetalol for the preoperative 
management of a pregnant patient who underwent 
Caesarean section at 35 weeks. 

Much has been made of the dangers of using drugs which 
potentially release histamine because of the risk of provok- 
ing catecholamine release from chromaffin granules.” 
Three drugs which have been implicated are d-tubocurarine, 
morphine and atracurium. Morphine has been used safely”? 
and, although Hull questions the safety of atracurium,” I 
have used 0.5 mg kg™ as an intubating dose in 36 patients 
with phaeochromocytoma since 1984 without any adverse 
consequences. ` 
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Magnesium sulphate 


James and colleagues have championed the infusion of 
magnesium. sulphate as the main alternative therapeutic 
strategy to adrenergic block during anaesthesia and surgery 
for phaeochromocytoma.*” * James bases his technique on 
the principle that magnesium ions inhibit the release of 
catecholamines from the normal adrenal medulla,!? * and 
from adrenergic nerve terminals.” James‘? describes a 
series of 17 patients in whom preoperative control was 
achieved with either phenoxybenzamine (eight patients) or 
prazosin (eight patients), and in whom operative control was 
achieved with a loading dose of magnesium sulphate (40-60 
mg kg™') followed by an infusion of 1-2 g h, designed to 
achieve serum magnesium concentrations between 2 and 4 
mmol litre™’. Good stability, defined as an arterial pressure 
within 30 mm Hg of the preoperative value, was achieved in 
12 of the 17 patients; sodium nitroprusside was required in 
five patients. Supplementary doses of magnesium sulphate 
were required in all patients at the time of tumour 
manipulation. In two of the five patients in whom plasma 
catecholamine measurements were made during surgery, 
magnesium sulphate was ineffective in blocking the release 
of catecholamines. 

Two of the patients in James’ series were pregnant at the 
time of surgery.*? One had inadequate control because 
therapeutic concentrations of magnesium were not 
achieved, whereas the other, who also underwent 
Caesarean section, was well controlled. 

Magnesium sulphate 2 g h' has also been used success- 
fully in combination with epidural blockade in a patient with 
bilateral phaeochromocytoma complicating severe coronary 
artery disease.” 

Whether the use of magnesium sulphate results in better 
outcomes than the use of phentolamine or sodium nitroprus- 
side can be determined only by a properly designed 
randomized trial in which many variables, such as type of 
catecholamine-secreting tumour or preoperative drug ther- 
apy, have been controlled. In view of the rarity of the 
condition, such trials are unlikely to be undertaken, and in 
the final analysis anaesthetists will have to rely on their 
‘idiosyncratic fondness for particular drugs or methods’.°? 
For completeness, the following anaesthetics/techniques 
have been reported during the past 12 yr, usually as single 
case reports: midazolam/sufentanil infusion,®* midazolam/ 
fentanyl infusion," propofol/fentanyl infusion,” magne- 
sium sulphate combined with glyceryl trinitrate,?’ desflur- 
ane,” sevoflurane with adenosine triphosphate and 
esmolol infusion (despite the fact that the patient had a 
norepinephrine-secreting tumour).”” 


Postoperative management 

The main postoperative complication of surgery for 
phaeochromocytoma is persistent arterial hypotension 
which may be refractory to intravascular volume replace- 
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ment and adrenoceptor agonists. This is an extension of the 
process referred to earlier and is the result of a number of 
. factors, While the excised tumour was active, the catecho- 
lamine output of the contralateral adrenal gland was 
effectively suppressed and the patient’s relevant adreno- 
ceptors were down-regulated. Thus in the absence of 
catecholamines from the tumour, the only source will be 
norepinephrine liberated from adrenergic nerve endings. 
This depends on generalized sympathetic nervous activity 
which is considerably diminished during anaesthesia as a 
result of the lack of ‘arousal’ and its effects in stimulating 
the hypothalamus. In the 19 patients pretreated with 
doxazosin in my series,” mean (SD) systolic arterial 
pressure increased by 15 (8) mm Hg following recovery 
of consciousness to 118 (14) mm Hg; by comparison with an 
increase of 8 (6) to 100 (12) mm Hg in the eight patients 
who had been pretreated with phenoxybenzamine. 
However, the latter patients received an average of 1200 
ml gelofusin, whereas those who had received doxazosin 
received an average of 350 ml gelofusin, both based on an 
attempt to maintain central venous pressure at about 8 mm 
Hg. It is tempting, therefore, to ascribe such problems to the 
use of phenoxybenzamine and the persistent o.-adrenoceptor 
blockade. However, the shift of the phenylephrine dose- 
response curves was comparable in the two groups of 
patients during the first two postoperative hours, largely as a 
result of the additional effects of phentolamine used during 


surgery. 


Conclusion 


Phaeochromocytoma has a way of presenting unexpectedly, 
frequently during surgical operations for other conditions, 
creating a set of potentially dangerous circumstances. Even 
when the patient’s condition is recognized and treated 
pharmacologically to control responses to catecholamine 
release, management of anaesthesia can be highly stressful 
for the inexperienced anaesthetist. Developments in surgical 
technique, such as laparoscopic excision, may not decrease 
the problems of intraoperative management, although the 
patient may well leave hospital much sooner than after open 
surgery. Patients with phaeochromocytoma or paraganglio- 
noma should ideally be managed by an experienced team of 
endocrinologists, endocrine surgeons and anaesthetists. 
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The heterogeneous hormones produced by the gastrointest- 
inal tract control digestion. They are secreted from cells that 
line the lumen of the gut, that is, in the mucosa as well as in 
endocrine organs such as the pancreas. The major secretory 
and motor functions of the peptide hormones of the gut are 
listed in Table 1. Gut hormones also regulate cell growth. A 
few peptides, such as substance P and pancreatic polypep- 
tide, are recognized as gut hormones but their function is 
uncertain. However, they can be secreted by endocrine 
tumour cells and may be responsible for some of their 
systemic manifestations. 

Significant events in the discovery, localization and 
management of endocrine neoplasia from the gut are 
summarized in Table 2.’* Initial reports came from biopsy 
or autopsy. Clinically defined syndromes followed. Then 
radioimmunoassay methods were developed, which identi- 
fied gut hormones in 1961. Next, antagonists were 
synthesized and then markers for gut hormones and 
recently, in the 1990s, genetic screening for multiple 
endocrine neoplasias (MEN) was developed.” 

Endocrine tumours are described as either ‘non-func- 
tioning’ or ‘functioning’, depending on their endocrine 
secretory activity. Excessive hormone production can be 
characterized by clinical syndromes. The two main 
examples are Zollinger—Ellison and carcinoid syndromes. 
Therapeutic advances through somatostatin analogues and 
interferon a (FNc) have enabled symptom control, though 
with significant side-effects, Identification of genetic factors 
associated with MEN will significantly change clinical 
practice for surgeons and anaesthetists. In the past these 
tumours were usually diagnosed after patients presented 
with systemic manifestations. In the future, prophylactic 
elective surgery combined with lifelong surveillance may be 
required, perhaps at a young age, in order to prevent tumour 
occurrence. 

The anaesthetic management of patients with abnormal- 
ities of gut hormone function induced by such tumours 
broadly requires an assessment of endocrine dysfunction 
(which may complicate anaesthesia and drug therapies), 
preferably with a standardized battery of tests for gut 
hormones. The spread of tumour growth by direct invasion 


or metastases also needs to be assessed in order to quantify 
organ dysfunction. For example, pancreatic endocrine 
tumours secrete vasoactive substances, leading to haemo- 
dynamic instability, and block the biliary system, resulting 
in obstructive jaundice. Recent developments in imaging 
technologies, such as the placement of biliary stents, hepatic 
artery embolization, radioisotopes of somatostatin for 
precise imaging of tumour location by scintigraphy and 
medical therapies to restrict tumour growth with targeted 
chemotherapy, enable improvements in organ function and 
symptomatic control to be achieved before anaesthesia and 
allows surgical targets to be identified in advance. Tumours 
limited to one part of the gastrointestinal tract can poten- 
tially be completely removed by surgery and even palliative 
surgery can provide an improved quality of life by reducing 
hormone secretion, thus potentiating the use of somatostatin 
analogues. If the tumour shows no somatostatin receptors on 
imaging, histological confirmation of this can limit the side- 
effects of somatostatin analogue therapies, which would 
otherwise be administered. However, not all patients have 
these types of tumours diagnosed before surgery. 
Anaesthetists should therefore be alert for the rare causes 
of bronchospasm, such as carcinoid tumours. 


Multiple endocrine neoplasia 


Patients with MEN have two or more endocrinopathies. 
This diagnosis may be difficult to make because the 
endocrine presentations may occur at different times. In 
a review of cases from Hammersmith Hospital, second- 
ary endocrine syndromes (particularly gastrinoma) oc- 
curred in 7% of 353 patients up to 10 years after 
diagnosis of the first syndrome. This time interval has 
led to one of the main problems in the diagnosis of 
MEN.*° Another reason for a lack of recognition and 
understanding of the frequency of this condition has 
been in the availability of diagnostic tests. It is only in 
the past 10 years that genetic screening has enabled 
clinicians to distinguish between the MEN syndromes. 
These genetically linked lesions are found not only in 
the endocrine pancreas, the thyroid, the parathyroid and 
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Table 1 Peptide hormones of the gastrointestinal tract GiP=gastric inhibitory peptide (glucose msulinotrophic peptide), LOS=lower oesophageal sphincter, 
ViP=vasoactive intestinal peptide. *Also occur as neurotransmutters in the plexuses of the gut 


Hormone Produced by Major function(s) 

Gastrin Gastric antrum, duodenum Acid secretion, contraction of LOS, secretion of glucagon 

Secretin Mucosa Pancreatic secretion of water and electrolytes 

Cholecystokicin* Mucosa Gall bladder and pancreatic secretion 

GIP Mucosa Inhibits gastric acid secretion 

Motilin Mucosa Contraction of LOS 

Pancreatic polypeptide Pancreas Unknown 

Peptide tyrosine Mucosa Decreases gastric acid secretion 

Substance P* Mucosa, nerves Unknown 

Neurotensin Mucosa Delays gastric emptying 

Somatostatin* Gastric antrum, pancreatic § cells Endocrine/paracrine; mbubits secretion of gastrin, secretin, GIP, motilin, pancreatic polypeptide, 
pancreatic secretion, glucagon, msulin 

viet Nerve cells, endocrine cells Pancreatic secretion 

Glucagon Pancreatic o cells Stimulates release of insulin and pancreatic somatostatin 

Insulin Pancreatic B cells Anabolic hormone 

Histamine Mast cells close to parietal cells Attaches to H3 receptors and sensitizes celi to stmuli such as gastrin 

Calcitonin Oesophageal tumour Not normally produced im the gastrointestinal tract 


Table 2 Significant events in the discovery of endocrine neoplasias from the gastrointestinal tract 


Zollinger and Ellison first described syndrome of recurrent peptic ulcers 
Gastrin identified as the secretory product of the islet cell tumour ın Zollmger~Ellison syndrome 


Type of neoplasm Date Event 
Carcinoid tumour 1888 Identified at autopsy 
1907 Oberndorfer introduced the term ‘carcinoid’ 
1954 Carcinoid syndrome described 
Insulinoma 1927 First diagnosed at autopsy 
1938 Whupple’s triad 
Gastnnoma 1955 
1960 
ViPoma 1958 Verner-Mornson syndrome descnbed 
1973 ViPoma identified 
Glucagonomas 1942 First descnbed 
MENI 1954 
1997 


“Wermer identified familial occurrence (autosomal dominant) of tumours of pituitary, parathyroid and endocrine pancreas 


Discovery of multiple endocnne adenomatosis (MEA-1) gene 


the pituitary organs but also in the adrenal and in the 
intestine, particularly as submucosal duodenal carcinoid 
tumours. MEN2A (Sipple syndrome) is associated with 
multifocal medullary thyroid cancer and occasional 
bilateral benign phaeochromocytomas. MEN2B (Gorlin 
or Steinert syndrome) is the rarest, probably because the 
associated medullary thyroid cancer is most aggressive. 
MEN1 (Wermer syndrome) is an autosomal dominant 
condition with the gene located on chromosome 11. 
Only the pancreatic and duodenal tumours have a strong 
tendency to malignancy. Tumours can be functional or 
non-functional; the relative occurrence is shown in Table 
3. Tumours can change the expression of peptide 
secretion and one hormonal secretion may replace 
another. Gastrinomas are the most common functional 
pancreatic tumours in MEN1 and tumours should be 
removed only after adequate control of gastric secretion 
by proton-pump inhibitors. Prophylactic pancreatectomy 
for MEN] is not currently indicated, neither is diagnos- 
tic laparoscopic surgery because lesions are multiple and 
preoperative imaging techniques often require supple- 
mentary identification of tumours by manual palpation 
and: intra-operative ultrasonography. 
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Pancreatic endocrine tumours 


The endocrine pancreas consists of the islets of Langerhans, 
which occur throughout the pancreatic tissue, particularly in 
the tail of the pancreas. Within the islets, the a cells occur 
external to the 5 cells while the B cells lie at the centre. 
Hormones from the islet cells are secreted into the blood 
stream but also diffuse locally within the islets. The 
arrangement and functional interactions of these secretory 
groups within the islets are not fully understood nor can all 
the clinical manifestations of their secretory tumours be 
associated with the limited number of hormones identified at 
present. The & cells, which comprise 20-25% of the islet 
cells, secrete glucagon. The B cells occur with the highest 
frequency (60-80%) and secrete insulin. The ô cells are the 
least common (10-15%) and secrete somatostatin. An 
unknown proportion of cells secrete pancreatic polypeptide. 
The islets are part of the amine precursor uptake and 
decarboxylation (APUD) cell system, which takes up amine 
precursors, decarboxylates them to form amines and 
synthesizes a variety of peptides.*° 

Tumours of the pancreatic islet cells secrete one or more 
hormones and are termed apudomas. These hormones can 


Holdcroft 


Table 3 Clunical presentations of MEN 1, listed in order of frequency. 
*Frequency of diagnoses from screening (16%) to autopsy (100%) 


Incidence Location 
Incidence , Most frequent locations 
>95% Parathyroid hyperplasia 
80-100% Pancreatic endocrine tumours non-functional 
16-100%* | Anterior pituitary adenomas gastrinoma 
(¢ g prolactinoma) 
30% Adrenal adenomas insulinoma 
13-30% Gastric carcinoids 
T% Lung carcinoids glucagonoma 
ViPoma 
Least frequent somatostatinoma 


be ones that are normally secreted by the pancreas, or they 
can be non-pancreatic hormones, such as adrenocortico- 
trophic hormone. Approximately 75% of apudomas are 
insulinomas (incidence of one to four cases per million 
people). About 20% of apudoma patients will have MEN1 
and the pancreatic endocrine tumours listed in Table 3 in 
order of frequency, with, in addition, tumours of the 
parathyroid, pituitary and rarely adrenal cortex. 

Non-functioning neuroendocrine tumours of the pancreas 
may be silent because they produce hormones without 
specific clinical signs or because they produce peptides in 
insignificant amounts, or none at all. They are large in size 
and vascular.” Resection, even if incomplete, is often 
associated with prolonged survival and, since these tumours 
respond poorly to chemotherapy, surgery is the treatment of 
choice. 

Strategies to control tumour growth are required if the 
tumour is growing quickly or if symptoms are severe. The 
number of ways of treating such tumours has increased 
rapidly over the past decade. Tumour debulking makes 
symptoms easier to manage and allows further treatment to 
reduce tumour mass by chemotherapy. Other therapies 
include hepatic artery embolization, treatment with soma- 
tostatin analogues, IFNa, combination therapies with 
somatostatin and IFNo, or occasionally systemic chemo- 
therapy or liver transplantation. The rarity and variety of 
endocrine syndromes have necessitated the development of 
multicentre clinical tnals in tertiary referral centres to 
support evidence-based treatments. 


Gastrinoma 


Zollinger~Ellison syndrome was described as intractable, 
painful, peptic ulcer disease that recurs after surgery unless 
total gastrectomy is performed. Duodenal, pancreatic or 
rarely ovarian cystadenocarcinoma cells releasing gastrin 
cause the clinical syndrome. In the pancreas it is the 6 islet 
cells which produce gastrin. Diarrhoea and steatorrhoea 
leading to weight loss often occur as a result of excess acid 
production, which inactivates pancreatic enzymes. Less 


frequently, dysphagia presents secondary to oesophagitis. A 
concentration of gastrin of >100 pg ml’ in a fasting basal 
state is diagnostic of a gastrinoma. However, anything that 
decreases gastric acid production can lead to high circulat- 
ing concentrations of gastrin; this includes drug treatment 
with H, receptor antagonists (such as cimetidine) and 
hydrogen ion (proton) pump blockers (such as omeprazole), 
as well as diseases such as pernicious anaemia. Thus, to 
prevent confusion, this type of drug treatment should be 
withdrawn before diagnostic tests for gastrinoma. If there is 
any uncertainty, provocative tests with calcium or secretin 
may be required. 

Although medical treatment can control acid secretion, 
tumour excision for sporadic tumours has a high overall 
survival rate.” The role of surgery in Zollinger—Ellison 
syndrome associated with MENI is less clear. Measurement 
of serum calcium concentrations and plasma parathyroid 
hormone or pituitary hormone studies may confirm the 
diagnosis of MEN1. In the future, specific genetic screening 
may be required because of the difference in prognosis 
between sporadic and MENI gastrinomas. 

Preparation for surgery requires titration of the dose of 
proton-pump inhibitors, such as omeprazole or lansopra- 
zole, to achieve normal basal gastric acid secretion. Oral 
medications are preferred rather than somatostatin, which 
has to be administered subcutaneously. Antacid prophylaxis 
with proton-pump inhibitors and Hz receptor antagonists 
should be maintained until surgery. The possibility of 
anaemia from bleeding gastric ulceration must be investi- 
gated. A full coagulation screen and liver function tests are 
required because alterations in fat absorption may influence 
clotting factors and hepatic function may be disturbed by 
liver metastases. Immediately before and after operation, 
intravenous ranitidine is useful to prevent gastric acid 
hypersecretion from the hypertrophied acid-producing gas- 
tric mucosa. A nasogastric tube will be required periopera- 
tively; it should be placed and its position confirmed at 
induction of anaesthesia. At exploratory laparotomy, further 
localization of pancreatic or duodenal gastrinomas may be 
required using palpation, transillumination, ultrasound and 
endoscopy. These processes may increase the surgical 
exposure required to mobilize these structures and hence 
may increase the duration of surgery. Anaesthetic planning 
should include preparations to reduce heat loss during 
prolonged surgery. 


Insulinoma 


Tumours of the B cells of the pancreas secrete insulin; 
patients with such tumours present with episodic symptoms 
of fasting hypoglycaemia, such as dizziness, blurred vision, 
confusion, irritability, tremors and occasionally coma. 
Compensatory sympathetic mechanisms lead to sweating 
and tachycardia. The differential diagnosis is broad; the 
causes of hypoglycaemia listed in Table 4 should be 
excluded, together with other aetiologies such as cerebro- 
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Table 4 Causes of hypoglycaemia to be considered in the differential 
diagnosis of insulinoma 


Cause Example(s) 

Drug effects _ Ethanol, quinine and sulphonylureas 
Enzyme deficiencies Glycogen storage disease 

Hormone deficiency Addison’s disease 

Illness Sepsis and liver failure 

Others Intense exercise 


vascular disorders. About 8% of insulinomas are associated 
with MEN1. The diagnosis is made by ‘Whipple’s triad’ :*® 
G) symptoms of hypoglycaemia; (ii) a low plasma glucose; 
and (iii) relief of symptoms when glucose is administered 
and normal glucose levels restored. The diagnosis is made 
by a fasting plasma glucose of <2.2 mmol litre™’, increased 
insulin (6 punits mI’; >40 pmol litre’), increased C- 
peptide (20.2 nmol mI”) and an absence of sulphonylurea 
in the plasma.'' ** The high insulin and C-peptide 
concentrations confirm the diagnosis. These two compounds 
are formed in equimolar amounts by enzymatic cleavage of 
proinsulin. Measurable C-peptide therefore indicates an 
endogenous source of insulin, in contrast with the use of a 
pharmaceutical preparation of insulin that may be used to 
mimic the symptoms of an insulinoma. 

Insulinomas are rare, mainly single, located in the 
pancreas and small in size (and thus sometimes difficult to 
locate); on enucleation, few recur. More radical surgery, 
including hepatic resection, is required for malignancy in a 
small number of patients. Medical therapies will be initiated 
before surgery. Frequent meals can prevent symptoms. 
However, drugs that inhibit insulin release are not effective. 
These include glucocorticoids, phenytoin and B-adrenergic 
blocking drugs. Somatostatin analogues have not been 
proven to be of value in reducing symptoms, perhaps 
because octreotide may reduce glucagon in addition to 
insulin secretion. 

Diazoxide is a non-diuretic benzothiazide which inhibits 
the release of insulin from secretory granules of § cells. It 
may be a therapeutic option in preoperative preparation. Its 
use is usually restricted to situations where surgery has 
failed because it may not block secretion from abnormal 
(ic. non-B) cells. It can also suppress the release of 
glucagon and exacerbate symptoms. Besides its unpredict- 
able efficacy, diazoxide also has serious dose-dependent 
side-effects, causing oedema, sodium retention, hypoten- 
sion, cardiac disturbances, weight gain and hirsutism. 
Verapamil, a calcium channel blocker, has been success- 
fully used in long-term therapy when surgery was refused.“ 

Although most tumours are enucleated, the head or-tail of 
the pancreas has to be exposed. Resection may sometimes 
be required, especially with MEN1, where the head of the 
pancreas often needs to be removed. The spleen is preserved 
whenever possible but splenectomy may be unavoidable. 
Planning for this will include vaccination against meningo- 
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coccus and Haemophilus influenzae with Pneumovax and 
having blood cross-matched for transfusion. Prophylactic 
therapies include antibiotics and possibly somatostatin. In 
one of the largest studies of insulinomas, although no direct 
deaths were reported, complications of surgery included 
acute myocardial infarction, congestive cardiac failure and 
paroxysmal atrial tachycardia.'? Assessment of cardiac 
function preoperatively and monitoring and maintenance of 
cardiac stability perioperatively are prerequisites for anaes- 
thetic care. 

It is essential that close monitoring of glucose intake and 
blood glucose is started the evening before surgery and 
continued throughout the perioperative period. During this 
period of starvation and at operation when the tumour is 
handled, glucose 50% solution should be available. 
Intravenous glucose with potassium should be infused and 
blood glucose, electrolytes and fluid input and output 
monitored at least hourly in order to avoid hypoglycaemia, 
water load and hyponatraemia. On tumour excision, a 
progressive increase in blood glucose has been described 
within minutes. Repeated measures of blood glucose and 
maintenance of normal values are more important than the 
observation of rebound hyperglycaemia which used to be a 
marker of complete tumour resection. 

The choice of anaesthetic agents for removal of an 
insulinoma has focused on their effects on blood glucose. 
Methoxyflurane has been used* because it tends to increase 
blood glucose concentrations. More recently, sevoflurane 
has been recommended because it is considered to suppress 
the spontaneous release of insulin.” However, the meta- 
bolic profile of isoflurane should be considered an advan- 
tage, particularly if liver blood flow or liver function is 
disturbed. Another technique that has been reported not to 
interfere with blood glucose control is general anaesthesia, 
using propofol, combined with epidural analgesia. 

Postoperative complications that may alter blood glucose 
homeostasis include diabetes mellitus as a result of pancre- 
atic insufficiency, acute pancreatitis and intra-abdominal 
abscesses. Pancreatic fistula is a serious complication 
because it can lead to electrolyte imbalance and the need 
for further surgery. 


Glucagonomas 


The œ cells of the pancreas release glucagon. The two 
clinical diagnostic features of glucagonomas are an 
erythematous rash and diabetes mellitus. The rash, present- 
ing in the groin and perineum and then migrating to the 
distal extremities, is known as necrotizing migratory 
erythema; it may be treated with zinc ointments. 
Stimulation of hepatic glycogenolysis and gluconeogenesis 
results in the metabolic production of glucose and symp- 
toms of diabetes mellitus. However, ketoacidosis is rare 
because insulin concentrations are also increased. Tumours 
are associated with weight loss, glossitis, stomatitis, 
anaemia (probably from bone marrow suppression), reduced 
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Table 5 The symptoms and signs of VIPomas and their main causes 


Symptom/sign Cause(s) 

Diarrhoea VIP stimulated 

Hypokalaemia Passive K* loss in stool, active K* secretion by 
colon secondary to hyperaldosteronism 

Hypochiorhydna Inhibition of gastric mucosal function 

Metabolic acidosis Excess HCO,” loss 

Flushing VIP vasodilation 

Hyperglycaemua VIP glycogenolysis (structurally simular to 
glucagon) 

Hypercalcaemua (tetany) Hyperparathyroidism, acidosis 

Hypomagnesaemia (tetany) Loss in stool 


blood amino acid concentrations and diarrhoea. If the 
cachexia is severe and the patient is malnourished, nutri- 
tional support and supplements for several weeks before 
surgery should be given, otherwise infection and poor 
wound healing are likely to occur postoperatively. 

A blood glucagon concentration of =50 pg ml! and a 
demonstrable tumour are diagnostic of glucagonoma. The 
increase in glucagon should be differentiated from the 
increases measured in prolonged fasting or renal and hepatic 
failure. The tumour may be primary, ın an elderly popula- 
tion, or associated with other syndromes such as Zollinger— 
Ellison and MENI and present in younger patients. The 
majority of patients have liver metastases at presentation. 
Treatment is by debulking and somatostatin analogues, 
which give rapid relief at first but increased dosage may be 
necessary later. There is an increased incidence of venous 
thromboses in this disease and prophylactic antithrombotic 
therapy is appropriate. Once the tumour is excised, symp- 
tomatic relief is achieved. 


Somatostatinomas 


Tumours of the 5 cells may release somatostatin and are 
often misdiagnosed as adenocarcinomas. Patients with such 
tumours present commonly with obstructive biliary disease 
because many pancreatic tumours are large. Obstructive 
jaundice should be relieved by stenting before surgery so 
that complications, such as coagulopathies and post- 
operative renal failure, are avoided. Other symptoms are 
usually mild. These include diabetes, from a reduction in 
insulin release, steatorrhoea from decreased pancreatic 
enzyme secretion and gallstones resulting from stasis within 
the gall bladder. Somatostatinomas can present in associ- 
ation with phaeochromocytomas and von Recklinghausen’s 
disease in the MEN2 syndrome. 


ViIPoma 


Verner—Morrison or WDHA (watery diarrhoea, hypokalae- 
mia, achlorhydria) syndrome is characterized by profuse 
watery diarrhoea, intestinal ileus, abdominal distension, 
confusion, drowsiness, hypokalaemia, achlorhydria, hypo- 
magnesaemia, metabolic alkalosis and tetany (Table 5). It is 
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very rare. The mediator is vasoactive intestinal peptide 
(VIP), which should be measured accurately in order to 
establish the diagnosis. VIP inhibits gastrin release. 
Pancreatic VIPomas are commonly located in the body 
and tail of the organ while extra-pancreatic VIPomas occur 
in the autonomic nervous system. The rate of malignancy 
warrants resection because 40% of VIPomas are benign and 
the others are slow growing, commonly with liver 
metastases. The tumours are vascular and are usually 
localized on routine imaging. Care should be taken when 
injecting contrast media because VIP may be released. 
Medical treatment includes somatostatin analogues, which 
inhibit both VIP release and the secretion of water and 
electrolytes from the gastrointestinal tract. 

The primary abnormality is dehydration from stimulation 
of intestinal secretions with fluid losses (rich in potassium) 
of 3-10 litres day’. The coexistence of VIPoma and 
gastrinoma in MEN1, both of which result in diarrhoea, 
should be checked by preoperative investigations and 
tumour localization. VIP relaxes smooth muscle and dilates 
splanchnic and peripheral vascular beds; it can induce 
hypotension from this mechanism as well as fluid losses 
from the cizculating blood volume. In the past, patients have 
died because of a delay in diagnosis rather than from the 
tumour itself. Resuscitation in a critical care facility has a 
vital role in the management of such patients. Replacement 
of fluids with central venous pressure monitoring, electro- 
lytes (such as potassium and magnesium) and correction of 
acidosis is the initial step. Blood glucose should also be 
maintained carefully. Control of the diarrhoea will then 
enable surgery to be planned. A positive response to 
somatostatin analogues is rapid, occurring within 24—48 h. 
If somatostatin treatment fails, other therapies that can be 
used include steroids such as methylprednisolone, indo- 
methacin (a prostaglandin inhibitor) and metoclopramide. 
Once cardiovascular stability 1s achieved, preoperative 
preparation must include H, receptor blocking drugs to 
prevent rebound gastric acid hypersecretion,” 


Carcinoid tumours 


Carcinoid tumours were first described in 1888 at autopsy 
from multiple tumours in the distal ileum. They stain with 
silver stains and contain markers of neuroendocrine tissue, 
such as chromogranin and synptophysin. Within the cells 
there are numerous secretory granules containing hormones 
and amines including serotonin, corticotrophin, histamine, 
dopamine, substance P, neurotensin, prostaglandins and 
kallikrein (an enzyme which generates kinins from kinino- 
gen precursors, such as bradykinin and tachykinins). The 
tumours are no longer classified according to origin (fore-, 
mid- or hind-gut) but from their histology, site, function and 
biological characteristics.” They are commonly located not 
only in the gut (including the stomach, the appendix, the 
ileum and rectum) but also in the bronchi and lungs.” 


Hormones and the gut 


Carcinoid cells secrete a variety of amine and peptide 
hormones, which may be identified biochemically using a 
standard battery of tests including high-pressure liquid 
chromatography for 5-hydroxyindole acetic acid (S-HIAA) 
and radioimmunoassay for glycogen, VIP, calcitonin, 
gastrin, pancreatic peptide and insulin. Bronchial carcinoids 
can produce an excess of adrenocorticotrophic hormone and 
growth hormone-releasing factor and may present as 
Cushing’s syndrome or acromegaly. The secretory pattern 
of gut tumours can change over time; an anaesthetist should 
be aware of this preoperatively in order to interpret 
investigations. Tumour location is identified by non-specific 
investigations such as computerized tomography, magnetic 
resonance and ultrasound imaging; and somatostatin 
receptor scintigraphy or positron emission tomography 
with C-labelled 5-hydroxytryptophan (the precursor of 
serotonin) are used for more specific localization. 
Symptomatic tumours are treated with surgery and drug 
therapy. Further diagnostic tests with histology and 
immunocytochemistry can determine the peptide profile of 
the tumour. 

Gastric carcinoid tumours are divided into various types, 
which have different prognoses. Benign tumours arise from 
mucosal ‘cells that synthesize and store histamine. They 
occur as multiple tumours in the fundus or body of the 
stomach and have been associated with 2-9% of patients 
with pernicious anaemia, and atrophic gastritis, situations in 
which gastrin concentrations are high. Tumours associated 
with MEN1 have a higher rate of malignancy. Those 
composed of a mixture of cell types are solitary and 
metastasize. They produce various hormones including 
neuroendocrine and exocrine pancreatic secretions. 

Small bowel carcinoid tumours grow slowly. They can 
present with bowel obstruction from mesenteric fibrotic 
stricture, carcinoid syndrome, gastrointestinal bleeding, 
diarrhoea and weight loss. Arterial or venous obstruction 
by the tumour can lead to abdominal pain (angina) 
precipitated by food. Since carcinoid tumours are the 
commonest small bowel neoplasms, any small bowel 
obstruction should alert an anaesthetist to consider this 
diagnosis. The anaesthetist must prepare for emergency 
anaesthesia with precautions to prevent aspiration of 
stomach contents. During surgery the tumour site should 
be observed (for bleeding or manipulations) and cardiovas- 
cular instability treated with therapies, such as octreotide. 
Gross pathology may reveal a yellow nodule and frozen 
section histology may confirm the diagnosis. 

Bronchial carcinoid tumours can present as a mass, 
atelectasis, unilateral lung hyperinflation (from a ball-valve 
action) and with filling defects in the airways.°” When major 
airways are affected, flow-volume and ventilation-perfusion 
abnormalities can be detected. At thoracotomy, surgery may 
be limited to a bronchial wedge resection or extend to a 
lobectomy, especially if suppuration has proceeded distal to 
the tumour or to a tracheal resection for tracheal obstruction. 
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Airway maintenance during anaesthesia for these proced- 
ures can be a challenge.” 

Carcinoid syndrome occurs secondary to the systemic 
release of secretions either as a result of metastasis in the 
liver or from the lung. Bronchial carcinoids can liberate 
substances directly into the circulation. It has been postu- 
lated” that when a carcinoid tumour releases active 
substances into the portal vein, the liver destroys them 
until either liver function deteriorates, or shunts between the 
portal and hepatic veins, or metastases developed. Thus 
general release of secretory products from the gastrointest- 
inal tract is usually prevented until the portal system is 
bypassed. Substances released by carcinoid tumours 
include: serotonin (5-hydroxytryptamine), which is synthe- 
sized from 5-hydroxytryptophan and metabolized to 5- 
HIAA, which can be measured in urine; histamine, which is 
metabolized and excreted in the urine as tele-methylimida- 
zoleacetic acid; tachykinins, such as substance P, neuroki- 
nin A and neuropeptide K, which causes flush and may be an 
early indicator of carcinoid disease;*? bradykinins; and 
prostaglandins. Table 6 lists these mediators, their clinical 
effects and management.”® 

Skin manifestations were described in the original report 
of carcinoid syndrome** with changing, patchy red and 
cyanotic areas, plethoric in nature and flushing of the face 
and neck, exacerbated by hot food and spices. This 
eventually leads to enlarged veins and telangectasia with 
brown patches of hyperpigmentation on the face, wrist, back 
and thighs, similar to pellagra. The pellagra-like signs have 
been related to niacin deficiency, because dietary trypto- 
phan is converted into 5-HIAA and can be treated by 
replacement therapy. The flush from pure histamine release 
differs from this, in that the face swells and lachrymation 
occurs. Severe facial oedema has been reported during 
anaesthesia but without airway difficulty.7° 

Common features of carcinoid syndrome are diarrhoea, 
from gastrointestinal hypermotility, and flushing, but nei- 
ther usually requires resuscitative treatment. Diarrhoea may 
persist after surgery for resection of the terminal ileum 
because of a loss of bile acids. Thus when the patient is 
assessed preoperatively for any complications of surgery, 
this secondary complication should be considered and long- 
term electrolyte abnormalities sought. 

It is the respiratory and cardiovascular effects of 
carcinoid syndrome with which an anaesthetist should be 
familiar because of their severity. Bronchoconstriction, 
which presents as wheezing and paroxysmal coughing, can 
be life-threatening and requires prophylactic treatment. 
Dyspnoea may be present but an underlying cardiac 
problem should be considered in addition to bronchocon- 
striction. Right ventricular failure, resulting from endocar- 
dial fibrosis, is a major cause of death in carcinoid 
syndrome. It is slow in onset and although cardiac oedema 
is reported, underdiagnosis occurs in clinical practice.” 
Echocardiography can confirm the presence of right 
ventricular dysfunction and tricuspid and pulmonary valve 


Holdcroft 


Table 6 Clinical effects, mediators and treatment of carcinoid syndrome 














Clinical effects Proposed mediators Treatment 

Flushing Tachykinins (neurokinin A, substance Somatostatin analogues (others. interferon a, glucocorticoids, phenothrazmes, 
P, neuropeptide K) a-adrenergic block, avoid alcohol) 
Histamine Hı and H; receptor blocking drugs (chlorpheniramine, ranitidine, cimetidine) 
Vasoactive peptides (VIP) Somatostatin analogues 

Hypotension Check fluids, myocardial depressants, somatostatin analogues, angiotensin, 

vasopressin, methoxamune, (epinephrine — care!) 

Diarrhoea Serotonin (SHT) Somatostatin analogues (others. parachlorphenylalanine, SHT antagonists 
Prostaglandins E and F (cyproheptadine, methysergide, ondansetron), loperamide, interferon «) 
Bile acid loss Cholestyramine 
Bacterial contammation Doxycychn 

Abdominal cramps Small bowel obstruction Surgical decompression 

Dyspnoea 

(a) wheezing (bronchoconstriction) Serotonin Somatostatin analogues, bronchodilators (care'); (B-adrenergic agonists, 
Substance P theophylline), chlorpheniramine, nebulized ipratropium bromide 
Bradykinins 


(b) carcinoid heart disease Growth factors, 5HT(7) 
Skin lesions (pellagra-like) Niacin deficiency 
Palpitations (tachycardia, hypertension) Serotonin 





lesions. These abnormalities are thought to result from the 
episodic circulatory crises associated with liberation of 
active substances from the tumour. 5-Hydroxytryptamine 
increases pulmonary artery pressure and intestinal peristal- 
sis together with bronchoconstriction.*” Intravenous sub- 
stance P in humans causes flushing, tachycardia and 
hypotension? 10 but ıs not considered to be the main active 
chemical responsible for carcinoid syndrome. Endocardial 
fibroelastosis has been linked to growth factors. Such 
activity is part of the function of gut hormones. Sclerosis 
and partial fusion of cusps is the pathological result. It leads 
to tricuspid and pulmonary valve incompetence and stenosis 
and may even recur in bioprosthetic valves? used for valve 
replacement. Rarely, ascites and pleural effusion have been 
described. When considering anaesthetic monitoring, such 
valve damage may predispose to endocarditis, so pulmonary 
artery catheter insertion may be contraindicated. 
Left-sided heart disease has also been described.'? 
Carcinoid syndrome can therefore present as a critical crisis 
in addition to structural heart disease, with bronchoconstric- 
tion, tachycardia and hypotension or hypertension leading to 
cerebral hypoxia with confusion and coma. These acute 
cardiorespiratory events are most common during laparo- 
tomies and during or after embolization of liver metastases; 
in their differential diagnosis, acute anaphylaxis should be 
considered.! Unfortunately, there is no predictor of 
cardiovascular instability, such as peptide concentrations, 
so vigilance and early intervention are advised. 
Therapeutic management, as shown in Table 6, targets 
symptoms or more specific mechanisms. Methylsergide in 
the past was used as a non-selective vasoactive agent, but it 
can cause fibrotic heart lesions. Codeine phosphate can be 
used to treat the diarrhoea, but fluid, electrolyte and 
nutritional deficiencies require replacement. Antibrady- 
kinin agents, such as aprotonin, used to be administered 
acutely during carcinoid tumour surgery. In vitro, aprotinin 


Valvular replacement (tricuspid, pulmonary), diuretics 

Nicotinamide 

Somatostatin analogues, ketanserin, (others: labetolol, esmoiol, increased depth 
of anaesthesia) 





effectively inhibits kallikrein”? 7° but clinically it is not 
so effective.” 46 Antiserotonin antagonists, including non- 
specific drugs, such as cyproheptadine“! and parachloro- 
phenylalanine,’ and more specific antagonists, such as 
ketanserin (a SHT2 antagonist!> 16 46) and ondansetron (a 
SHT; antagonist), have been used to relieve symptoms.>' 
However, the approach based on antagonizing released 
hormones has been largely superseded by a preference 
to inhibit hormone release.’ Steroids have been used 
successfully to block substance release but more specific 
drugs based on somatostatin have been developed. Steroids 
may be indicated in asthmatic patients, *© Generally, it is 
only when these somatostatin analogues fail to reduce 
symptoms adequately that antagonists are used in medical 
treatment. However, H; and H, receptor antagonists may be 
considered for preoperative prophylaxis and during surgery; 
where there is the potential for release of large quantities of 
hormones on tumour handling, judicious use of hormone 
antagonists should be considered. 


Principles of management of gastrointestinal 
endocrine tumours 


Experience in managing the complex problems associated 
with these endocrine tumours is limited mainly to retro- 
spective reviews and case reports. Whenever possible, 
patients should be treated in tertiary centres with expertise 
in endocrine surgery, anaesthesia and perioperative critical 
care. 


Somatostatin - 


The development of synthetic somatostatin analogues, such 
as octreotide (Table 7), that are long-acting and inhibit 
hormone release rather than block their action has 
revolutionized anaesthetic management, particularly for 
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Table 7 Characteristics of somatostatin and its analogues. “Slow intravenous injection 


Characteristics Somatostatin 
Number of amino acids 14 or 28 
Half-life (min) <3 


Route of administration Intravenous* (infusion) 


Receptors activated 


Post-infusion rebound hyper- 
stimulation? 

Side effects (for both 
somatostatin and somatostatin 
analogues) 


yes 
Pain at injection site 


cholecystokinin release) 


High affinıty for all somatostatin receptor subtypes 


Somatostatin analogues 


8 

80-140 

Intravenous*, subcutaneous (Octreotide), intramuscular 
(lanreotide) 

distinct binding profiles (limits diagnosis and therapeutic 
use) 

no 


Inhibition of hormone release (e.g. causing gallstones from 


Reduces motility (presents as flatulence, abdominal cramps, 


diarrhoea) 


Blocks exocrine function (causes steatorrhoea by inhibiting 


pancreas secretion) 
Others (e.g. alopecia) 


carcinoid, glucagonoma and VIPoma tumours. Somatostatin 
binds to cell surface receptors, inhibits adenylyl cyclase and 
enhances potassium conductance, thus decreasing intracel- 
lular calcium ion availability and cellular secretion.“ 
Somatostatin analogues do not bind to all somatostatin 
receptor subtypes; this limits their diagnostic and thera- 
peutic use. In addition, long-term efficiency may be reduced 
by receptor down-regulation. Octreotide has to be given 
parenterally, for example as 100 ug subcutaneously every 
8 h, or 100 ug h` during surgery. In an emergency a single 
dose of 50 ug i.v. before surgical manipulation may suffice 
if no preoperative prophylaxis has been given. Another 
beneficial preoperative effect of somatostatin is an indirect 
anti-angiogenesis activity that can reduce the size of 
metastases. The success of such specific therapies has 
enabled more aggressive surgery combined with medical 
treatments to improve survival rates.*” There is no evidence 
to support the postoperative use of octreotide to prevent 
gastrointestinal complications,“ but it may have a role in 
maintaining cardiovascular stability. 


Types of surgery 

A broad spectrum of patients present for major gastro- 
intestinal and hepatic surgery.'? Definitive resection of the 
tumour is the primary aim in order to secure a potential cure. 
Prophylactic cholecystectomy eliminates the possibility of 
gallstones developing during future octreotide therapy. The 
most common procedures for pancreatic endocrine tumours 
are pancreatoduodenectomy, distal pancreatectomy and 
enucleation; less commonly, resection of metastases is 
performed, often combined with medical and oncological 
therapies.*” Palliative surgery to debulk tumours or relieve 
obstruction may be planned as an elective or emergency 
procedure. In the acute situation, time for preparation of 
patients with hormonally functioning tumours should be 
considered essential for optimal care. Large abdominal 


incisions and major tissue manipulations are to be expected, 
so the support of intensive care facilities and adequate 
postoperative pain relief are priorities for surgical and 
anaesthetic management. 

Specific types of surgery may be required. The develop- 
ment of right-sided heart failure in carcinoid syndrome is an 
indication for tricuspid and pulmonary valve replacement. 
Significant morbidity and mortality in older patients has 
been described in valvular replacement in carcinoid syn- 
drome. Haemodynamic instability can be the result of 
endocrine secretion or treatment with somatostatin, which is 
a negative inotrope.>> Treatment of hepatic metastases may 
be surgical. However, hepatic artery ligature and devascu- 
larization have a high mortality and survival from hepatic 
transplantation is disappointing. Occasionally, if metastases 
are well localized to a lobe, cytoreductive surgery is an 
acceptable option. Selective hepatic artery embolization is 
preferred for symptom relief. The acute tumour lysis that 
follows can generate severe systemic dysfunction for which 
intensive care management is the preferred option. 
Abnormalities of liver function are common and accom- 
panied by fever, nausea, vomiting (ileus) and abdominal 
pain. Vasoactive peptides can be released and renal failure 
results from contrast load, fluid loss and cardiovascular 
disturbances such as hypotension. Prophylactic octreotide 
and broad-spectrum antibiotics are essential and secondary 
infection or infarction of gastrointestinal structures must be 
excluded. 


Anaesthesia 


- Preoperative medical therapy with octreotide or a similar 


65 


somatostatin analogue will provide prophylaxis against the 
risk of a carcinoid crisis. It may not prevent an overwhelm- 
ing release of bronchoconstrictors or vasoactive substances 
during handling of the tumour at surgery. Preparations for 
anaesthesia, as summarized in Table 8, involve correction of 
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Table 8 Preoperative checklist for major pancreatic endocrine surgery 


Medical syndromes 


Management 





Insulbnoma Glucose, diazoxide 
Gastrinoma Proton-pump inhibitors and H3 receptor blockers preoperatively 
ViPoma Somatostatin analogues 
Glucagonoma Somatostatin analogues 
Somatostatinoma Somatostatin analogues 
Carcinoid Somatostatin analogues, serotonin antagonists 
Surgical diagnosis Localization, peptide secretion identified 
Stomach Nasogastric tube sited at induction 
Emergency obstruction Preoperative nasogastric suction and dramage, rapid sequence induction 
Large surgical exposure 
Blood loss 


Potential hypothermia 
Pain 
Cardiorespiratory 

System assessments 
Cardiovascular right (left) bheart 
disease (carcinoid syndrome) 
anaemia 


Cross-match, coagulation screen, large-bore cannulae (e g 13 G), central venous and artenal catheters with direct 
pressure monitonng, blood warmers and infusors (capacity 1 litre min!) 

Active and passive warming, temperature monitoring (core and periphery) 

Epidural (thoracic) or patient-controlled analgesia, consent for 

Facilities for positive end expiratory pressure, blood gases and acid—base measurements hourly penoperatively 


Prepare for hypo- and hypertension, consider intra-arterial catheter before induction 
Echocardiogram, ECG 
Additional iron or transfusion 


Respiratory 
bronchospasm (carcinoid) Somatostatin analogues, steroids, ventilator characteristics 
dyspnoea Chest radiograph, echocardiography, blood gases 

Liver/metabolism 
coagulation Prothrombin time, thrombin time, activated partial thromboplastin tume 
bibary obstruction Stent, fluids, maimtain urine output with diuretics/dopamine 
albumin/proteins Nutritional assessment 
glucose Diabetic assessment and facilities for hourly blood glucose monitoring 
portal hypertension Expect increased blood loss 

Renal/fluids Normalize electrolytes, catheterize 


Risk assessment 


Explain risks, record ın patient’s notes 


Intense care Booked admission 


Medications 
e.g morphine, thiopental, atrecunum) 


fluid abnormalities and hypovolaemia, maximizing and 
quantifying cardiac and respiratory function with electro- 
cardiography, echocardiography, lung function tests and 
chest radiography, assessing liver function and clotting 
abnormalities (particularly if there are liver metastases) and 
minimizing any medical complication. Surgical assessment 
should have defined the type of endocrine dysfunction and 
the site of the tumour and predicted the magnitude of the 
surgical intervention and the need for prophylactic im- 
munization before splenectomy.” 

Major cardiovascular and respiratory crises are to be 
expected if the neuroendocrine tumours are functional. 
These may be precipitated by induction of anaesthesia, 
surgical manipulations or histamine-releasing drugs. In 
anticipation of such events, anaesthetic preparation includes 
preoperative medication with anxiolytic and antihistamine 
drugs and direct monitoring of arterial and central venous 
pressures before induction. Large-bore infusion sets should 
be available for administering warmed fluids and blood. A 
ventilation and breathing system which can accommodate 
high inflation pressures is also needed. The choice of 
anaesthetic and other drugs should be based on a consid- 
eration of the possible medical and surgical problems. The 
aim is to maintain cardiovascular stability and not to induce 
bronchospasm. Hence, drugs which are known to release 


Prophylaxis: antithrombeosis (after epidural), antibiotics Cautions in carcinoid sedatives, drugs releasing histamine, 


histamine, serotonin or produce a catecholamine response, 
such as ketamine, should be used with caution. For 
example, morphine can release histamine and is relatively 
contraindicated during but not after surgery when the 
tumour has been removed. Fentanyl is a short-acting 
alternative. Catecholamines, such as epinephrine, can 
release serotonin and kallikrein, which activates bradyki- 
nins. Theoretically, they should be avoided as vasopressors. 
Angiotensin is an alternative agent and can be given by 
infusion. However, the demand to exclude the use of 
epinephrine in carcinoid syndrome was based on experience 
before prophylaxis with somatostatin analogues and it has 
been used with effect as an inotropic agent during 
laparotomy and after cardiac surgery.'* 2’ 

A review of anaesthetic drugs for carcinoid syndrome has 
suggested that the hypertensive response to intubation 
should be prevented by using a short-acting opioid and 
etomidate or propofol.*” Succinylcholine has been used 
safely for rapid sequence induction although hormone 
release theoretically could be stimulated by fasciculations 
increasing intra-abdominal pressure. Non-depolarizing neu- 
romuscular blocking drugs should be selected on the basis of 
their lack of histamine release and ease of reversal. 
Vecuronium is the drug of choice, although in hepatic 
failure, atracurium should be considered. Agents for main- 
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tenance of anaesthesia primarily should be non-hepatoxic 
and cardiostable. In addition, where high concentrations of 
serotonin can cause drowsiness, agents with a short 
elimination time should be considered for safe postoperative 
recovery.”* The choice of regional anaesthesia, particularly 
in carcinoid syndrome, 1s controversial because treatment of 
hypotension with catecholamines is contraindicated." 
However, epidural nerve blocks using incremental or 
infusions of local anaesthetics without epinephrine have 
been administered effectively in a number of patients. They 
provide good pain relief to reduce the stress response and 
allow mobilization.” 4’ 

Blood loss during surgery depends on specific pathology. 
For example, carcinoid tumours induce an intense mesen- 
teric reaction which may not have a focal point of bleeding; 
metastatic involvement of major vessels, such as the hepatic 
and portal vessels, can lead to a blood loss of 1-2 litres 
min”; the large incision will ooze blood over time and if 
portal hypertension is present blood loss occurs from the 
time of skin incision. These problems can be compounded if 
there are coagulation abnormalities. Average blood loss is 2 
litres.°° Blood loss can be assessed by weighing swabs and 
suction volume can but often this is not accurate because of 
fluid losses. A urinary catheter and half-hourly measures of 
urine output supported by blood gas, acid base and 
haemoglobin concentration measurements at hourly inter- 
vals provide the more detailed information required to make 
decisions on the amount of non-acute continuing bleeding. 
Adequate amounts of cross-matched blood with facilities to 
infuse and maintain blood volume and renal blood flow even 
in cardiovascularly compromised patients are basic require- 
ments which can be supplemented by indirect measures of 
cardiac function, such as an oesophageal Doppler probe or 
transoesophageal echocardiography. 

If therapies to reduce or antagonize hormone secretions 
have been administered -penoperatively, slow withdrawal 
with close monitoring is advised. Postoperative compli- 
cations are common, and range from minor morbidity to 
death. A recent surgical review?” reports a 3% hospital 
mortality. At operation, haemorrhage has been the major 
cause of death, especially in the elderly where cardiovas- 
cular and hepatic reserve is limited. After surgery, general- 
ized or localized infections, for example intra-abdominal or 
pulmonary infections, can lead to septicaemia. Sepsis is 
common and poor nutrition and cachexia predispose to it. 
Thus nutritional assessment and treatment should be 
prioritized preoperatively and prophylactic antibiotics 
given perioperatively. Postoperatively, the appropriate 
antibiotic should be sought for any specific infection. 


Conclusions 

‘The well-defined clinical syndromes associated with hor- 
mone hypersecretion are Zollinger—Ellison syndrome from 
duodenal gastrinomas and carcinoid syndrome. 
Somatostatin analogues that inhibit hormone release have 
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dramatically improved medical and surgical management 
but have long-term side-effects. Future development of 
drugs such as calcium channel blockers which act specif- 
ically on gastrointestinal tissues may broaden therapeutic 
choices in hypersecretion syndromes. Genetic predispos- 
ition has identified MENI with gastrinoma and MEN? with 
somatostatin cell tumours. The multidisciplinary care from 
surgeons, endocrinologists, gastroenterologists, anaesthe- 
tists, radiologists, pathologists and geneticists necessitates 
an agreed management plan in a tertiary centre because of 
the rare and varied nature of the disorders. Surgery is the 
only approach that can achieve a definitive cure. The role of 
the anaesthetist ın preoperative preparation, maintenance of 
perioperative homeostasis and postoperative high depend- 
ency or intensive care is one of the main factors in securing 
a good prognosis. Future progress in anaesthesia and 
intensive care management to secure this prognosis requires 
a prospective multicentre clinical study to establish evi- 
dence-based guidelines. 
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The results of pancreas extirpation and pancreas 
grafting are best explained by supposing that the islet 
tissue produce an Autacoid which passes into the blood 
stream and effects carbohydrate metabolism and 
carbohydrate storage in such a manner that there is 
no undue accumulation of glucose in the blood. 
Provisionally it will be convenient to refer to this 
hypothetical substance as insuline. 

Sir Edward Schafer, The Endocrine Organs (1916) 


Historical background 

Sir Edward Schafer, who was Professor of Physiology in 
Edinburgh, appears to have named insulin and described its 
actions. He did so in a book, The Endocrine Organs, based 
on a lecture series he gave in California in 1913. In this 
book, published in 1916, he gave the hypothetical 
substance a name that stuck; what is more, with remarkable 
vision, he described its likely formation from activation of 
an inert precursor: 


It must however be stated that it has yet to be 
determined whether the active substance is produced 
as such in the pancreas or whether it exists there as 
pro-insuline which becomes elsewhere converted into 
the active autacoid. f 


Insulin was discovered 8 yr later by Banting and Best in 
1921. The first patient was treated a year later in 1922 and 
pro-insulin was discovered (and re-named) more than 50 yr 
later by George Steiner of the University of Chicago in 
1967. k 

Schafer deliberately avoided using the word ‘hormone’ 
and used his preferred terms ‘autacoid’ and ‘chalone’. This 
was as a result of long-standing academic rivalry with his 
contemporaries Professors Baylis and Starling at University 
College, London. They had previously described secretin as 
the first hormone to be isolated and characterized. They had 


coined the term ‘hormones’ to describe the class of 
substance produced in one part of the body and acting 
elsewhere. Schafer preferred his own terms, which were 
based on terms used at the time to describe actions of drugs, 
‘autacoid’ being a substance with excitatory action and 
‘chalone’ one with inhibitory action. 

Schafer went on to describe how ‘insuline’ had both 
excitatory and inhibitory actions. His description of how he 
thought the hypothetical substance ‘insuline’ acted in the 
body is remarkable because the passage of time has shown 
him to be correct almost word for word. Things have been 
confused, however, by a 20 yr ‘black age’ of endocrinology 
(between approximately 1960 and 1980), where leading 
scientists—through extrapolating beyond their new discov- 
eries—confused scientific thinking and teaching. They 
formulated new hypotheses based for the first time on 
hard scientific evidence but they got it badly wrong through 
extrapolating (incorrectly) from in vitro experimental data 
in rat tissues to in vivo metabolism in humans. 

The effects of this ‘black age’ are still with us because 
these incorrect hypotheses have, with the passage of time, 
been turned into dogma and become cast into ‘tablets of 
stone’ in undergraduate textbooks. They are also carried 
forward into postgraduate teaching. For example, even in 
well respected texts it is still common to find statements 
such as ‘The basic action of insulin is to facilitate glucose 
entry into cells, primarily skeletal muscle and hepatocytes.” ? 


Purpose of this review 

The main thrust of this article is to set the record straight, 
provide up-to-date information about current understanding 
and confirm that Schafer, through careful thought and 
despite lack of experimental data, was correct. We also hope 
to show how this ‘new’ concept of insulin action affects the 
modern management of diabetes during surgery and in the 
intensive care unit. 
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Fig 1 Insulin action on isolated rat adipocytes Insulin simultaneously 
stimulates lipogenesis from glucose and inhibits lipolysis. Both 
mechanisms are mediated by the same receptor. The data illustrate what 
Schafer referred to as the ‘autacoid’ (excitatory) action, 1e stimulation 
of lrpogenesis, and the ‘chalonic’ (mbhuibitory) action, 1e imbibition of 
lipolysis, both of which are integral to the hormone and mediated by the 
same receptor It is the ‘chalonic’ action which has most relevance to 
human physiology and the use of insulin therapeutically. 


Insulin as an autacoid and chalone 


As Schafer hypothesized, insulin has two classes of action: 
(i) excitatory (autacoid), for example stimulating glucose 
uptake and lipid synthesis; and (ii) inhibitory (chalone), for 
example inhibiting lipolysis, proteolysis, glycogenolysis, 
gluconeogenesis and ketogenesis. These dual actions are 
illustrated ın Fig. 1, where insulin’s well recognized action 
in stimulating lipogenesis from glucose (in rat adipocytes) is 
illustrated. What perhaps is less well known is insulin’s 
simultaneous inhibitory action on lipolysis. It is quite clear 
from Fig. 1 that both these actions occur simultaneously 
over the same concentration range. They are both mediated 
through the same cell membrane receptor. These actions of 
insulin in vitro were discovered in the late 1950s when it 
was also shown that insulin stumulated glucose uptake by rat 
muscle. It was extrapolation of this last observation in rat 
muscle to explain the pathophysiology of diabetes that was 
erroneous. The consequence of this error was the (falla- 
cious) concept of insulin being ‘required’ for glucose entry 
into cells rather than just accelerating glucose uptake. The 
hyperglycaemia of diabetes was interpreted as a ‘damming 
back’ of glucose in the blood stream as a consequence of a 
lack of insulin. This became established teaching and, 
although the concept was shown to be erroneous in the mid- 
1970s, the teaching has not changed. Consequently, therapy 
has been based on a flawed concept. 

It 1s now well established that what Schafer called 
insulin’s ‘chalonic’ (or inhibitory) actions are the physio- 
logically more important. Indeed, its autacoid (excitatory) 
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action has recently been shown to be, on the whole, 
physiologically unimportant. Insulin’s excitatory actions are 
effectively abolished in the genetically engineered muscle 
insulin receptor knock-out (MIRKO) mouse because they 
have a complete lack of the insulin-sensitive glucose 
transport protein, Glut 4, in muscle, so insulin has no 
stimulatory effect on glucose uptake. Fascinatingly, this is 
of little or no consequence to the animal that does not have 
fasting hyperglycaemia or diabetes. 


The nature of fasting hyperglycaemia 


The key question is: 1s the fasting hyperglycaemia of 
diabetes due to overproduction of glucose by the liver or 
underutilization of glucose by peripheral tissues? 

When this question was posed to participants of the Royal 
College of Anaesthetists’ Basic Science Course in 1998 and 
1999, a show of hands revealed virtually unanimous support 
for the second alternative, with only one or two hands in 
favour of the correct answer (overproduction of glucose by 
the liver). This is a typical response, seen from the 
overwhelming majority of both undergraduate and post- 
graduate audiences in the UK and the rest of the world. It is 
important to have the right understanding if insulin is to be 
used appropriately and to maximum benefit. This may 
perhaps seem a trivial or pedantic point but it is not. Correct 
understanding of what goes wrong with metabolism in the 
face of insulin deficiency is essential in the understanding 
and execution of logical and safe forms of treatment. 


Fasting normoglycaemia 

Consider a person with a normal fasting blood glucose 
concentration of 5 mmol litre™!. The stable fasting blood 
glucose concentration conceals an underlying dynamic 
steady state where the glucose that is continuously being 
cleared from the circulation for metabolism is exactly 
matched by new glucose being added by the liver. This 
dynamic steady state is normally controlled very tightly by 
insulin. Glucose input into the circulation (rate of appear- 
ance, or R,) is normally approximately 12 umol kg min“ 
(2 mg kg™ min™'), and in the fasting state is exclusively 
from the liver, exactly matches glucose disposal in periph- 
eral tissues {rate of disappearance, or Ra). The main 
contributors to glucose disappearance (or clearance) in the 
fasting, resting state are the brain (~50%), lean tissues 
(~30%), adipose tissue (~10%) and red blood cells (~10%). 
This is illustrated in Fig. 2. 


Fasting hyperglycaemia 

Next consider a hypothetical patient with type 2 diabetes 
presenting for elective surgery. Fasting blood glucose in this 
case is, let us say, 12 mmol litre’! (which remains quite 
steady with short-term fasting). This again reflects a balance 
between hepatic glucose production on one hand and 
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Fig 2 A cartoon illustrating the dynamic steady state that exists between 
glucose production and utilization. The brain is not shown. Blood 
glucose concentration is tightly controlled dunng fasting and feeding 
through mechanisms balancing exactly the supply and demand of energy 
substrate. Insulin ıs the prime controller of this process. When fasting 
hyperglycaemia develops, as in diabetes mellitus, it could result from 
either over-production of glucose, through excess glycogenolysis and 
gluconeogenesis, or a failure of adequate glucose uptake in the peripheral 
tissues (including the brain). Most people think that hyperglycaemia 
reflects a reduction in glucose uptake as a result of insulin deficiency 
This is not true 


peripheral glucose utilization on the other. In this case, 
however, because blood glucose concentration is above the 
renal threshold for glucose, the rate of glucose disposal (Ra) 
is a combination of the rate of tissue utilization (Ru) and the 
rate of urinary loss (R,). The two always balance to produce 
a steady state because glycosuria (R,) increases rapidly and 
linearly with the increase in blood glucose concentration 
once the renal threshold has been crossed. Thus, Ra 
increases until ıt matches Ra, when a new steady state is 
achieved. For this reason it is the extent of the hepatic 
overproduction of glucose (R,) that sets the degree of fasting 
hyperglycaemia; the higher the fasting hyperglycaemia, the 
higher R, and the more severe the diabetes. 

It is now easy to measure R, and Ra experimentally and 
thus answer the question posed at the beginning of this 
section. Initially, this was done by injecting radioactive 
(4cC- or 3H-labelled) glucose and measuring the rate at 
which ıt was diluted with unlabelled glucose from the liver 
(the concentration of glucose remains constant but the 
concentration of /C- or 3H-labelled glucose falls exponen- 
tially with time). It is quite easy to calculate accurately the 
actual rates of glucose production and utilization from this 
isotope dilution curve. It is now possible to make these 
measurements without the need for radioactive tracers, 
using instead glucose labelled with a natural stable isotope 
of carbon (°C), thus avoiding any radiation hazard and even 
allowing research on diabetes in pregnancy. 

In the fasting state, virtually all glucose Ra comes from 
the liver, from a combination of glycogenolysis and 
gluconeogenesis. When hepatic glycogen stores are plenti- 
ful, most glucose comes from glycogenolysis, but as the 
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Fig 3 Fasting plasma glucose and isotope-determined glucose turnover 
rate in a group of newly diagnosed patients with diabetes studied before 
and after starting insulin compared with non-diabetic controls. In the 
newly diagnosed patients, glucose turnover (rate of production and rate 
of uttlzation) 1s elevated in proportion to fasting blood glucose This 
shows that the fasting hyperglycaemia of diabetes results from hepatic 
over-production of glucose alone, since peripheral glucose utilization 1s 
ıncreased despite the lack of insulin Insulin treatment reduces glucose 
concentration through inhibiting hepatic glucose production Under these 
conditions glucose utilization decreases, thus insulin admunstrauon 
reduces glucose utilization This indicates that the plasma glucose 
concentration, rather than plasma insulin, 1s the pnme determinant of 
glucose uptake There are clearly sufficient glucose transporters present, 
even in the newly diagnosed diabetic state, to ensure adequate glucose 
metabolism Thus insulin regulates glucose production more than glucose 
utilization. 


hepatic glycogen stores become depleted, more comes from 
gluconeogenesis. After 24 h of starvation, hepatic glycogen 
stores are completely exhausted and all glucose production 
comes from gluconeogenesis (muscle glycogen cannot 
contribute to blood glucose as there ıs no glucose-6- 
phosphatase in muscle and glucose transporters cannot 
transport glucose 6-phosphate out of muscle. The kidney 
may, on occasions, make a minor contribution to gluconeo- 
genesis.) 

Experimental observations ın people with newly diag- 
nosed diabetes or in insulin-withdrawn patients with both 
type 1 and type 2 diabetes have shown that there is a 
strongly positive relationship between the fasting blood 
glucose concentration and the rate of hepatic glucose 
production (R,). This was first shown in the early 1970s in 
animals and in the mid-1970s in humans.’ It is illustrated in 
Fig. 3. 


The normal fasting—-feeding cycle (‘energy 
metabolism’) 


The role of glucose 


Normally, fasting blood glucose concentration is very 
tightly controlled by insulin secretion at a mean of about 
5 mmol htre™™, There ıs a much wider range of glucose 
production rates (R,) and glucose utilization rates (Rg) 
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between normal individuals than there is in fasting blood 
glucose concentrations (see Fig. 3). This is because of the 
feedback control loop between blood glucose concentration 
and insulin secretion. The rates of fasting hepatic glucose 
production and glucose utilization (R, and Ra) in each 
individual remain exactly matched and relatively constant 
over days, months and even years and are probably largely 
genetically determined. 

The fact that fasting blood glucose concentration remains 
constant over minutes and hours reflects an exact balance 
between input and output of glucose from the circulation 
(Ra=Ra). In non-diabetics, all of Rg is going to metabolism, 
so the hormonal control mechanisms are geared to releasing 
sufficient glucose to match the body’s need. This is a very 
basic and robust process, so that a healthy individual can 
survive a remarkably long time without eating, so long as 
they have access to water. Hypoglycaemia is not a feature of 
prolonged starvation; there are powerful ‘survival’ values in 
being able to maintain brain function during prolonged 
famine. Since hepatic glycogen stores are depleted within 
24 h of fasting, blood glucose concentrations are maintained 
thereafter entirely through gluconeogenesis. Gluconeo- 
genesis is mainly dependent on protein breakdown (a 
small amount comes from the glycerol released during 
lipolysis) and it thus results in protein wasting. It is the 
effects of protein malnutrition that lead to the eventual lack 
of ability to cough properly and keep the airways clear, in 
turn leading to pneumonia and death during prolonged 
starvation; hypoglycaemia does not occur. During fasting, 
mobilization of fat and the consumption of fat and ketones 
by some tissues as ‘alternative substrates’ ensures that 
protein loss is minimized and used to provide glucose for 
tissues, such as the brain, that cannot survive without it. 

With normal feeding, digestion of carbohydrates leads to 
a rise in blood glucose, which normally triggers a brisk 
insulin response of sufficient magnitude to control blood 
glucose concentration very tightly in the 4-10 mmol litre"! 
range. The average peak plasma insulin response to a high 
carbohydrate meal in a group of normal healthy slim 
individuals rises 10-fold from a mean fasting value of 5 mU 
litre! to a peak of about 50 mU litre”). The range of insulin 
response in this group is enormous, however, with peak 
values ranging between 15 and 250 mU litre while glucose 
values are no different between individuals. This reflects a 
genetically determined variation in insulin sensitivity 
between individuals. 

Some glucose is stored in muscle as glycogen. This 
compartment of stored glucose is entirely for the ‘local use’ 
of muscle and is integral to the ‘flight or fight’ survival 
mechanism that has resulted in humans being the dominant 
creatures on earth. Muscle lacks a certain phosphorylase 
enzyme that removes the phosphate group from glucose 6- 
phosphate and as a result, free intracellular glucose is not 
produced by glycogenolysis in muscle (unlike the liver) and 
muscle cannot therefore ‘export’ glucose into the circula- 
tion. Muscle glycogen allows a sudden burst of fuel (through 
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anaerobic metabolism of glycogen to glucose to lactate) 
which allows muscle to undertake an immediate sudden 
burst of extreme activity on locally available energy stores 
before blood flow builds up to carry the lactate away and 
bring other energy fuels to sustain more prolonged exercise. 
Thus the fuel used by muscle progresses from local glycogen 
(sprint) to glucose and fatty acids brought via the circulation 
(middle distance) to predominantly fat (marathon). 


The roles of fat and protein 


The other major fuel required for ‘energy metabolism’ is fat. 
Stored fat is in the form of triglyceride and contains 
enormous amounts of stored energy. Fat contains 9 kcal g~ 
stored energy while glycogen contains only 2 kcal g` 
because there is water of hydration in glycogen in both 
muscle and the liver. This means that glycogen stores are 
heavy and of limited value to mobile creatures like us. They 
are there for short-term needs but, when food is scarce, a 
transition occurs to substitution of fat in all tissues that can 
metabolize it. Hepatic glycogen stores are soon lost during 
fasting, and gluconeogenesis—mainly from protein—is then 
required to maintain glucose supplies to the central nervous 
system. Since protein stores are also limited and critical to 
survival, the substitution of fat wherever possible is of great 
value. The enormous amount of energy stored in fat is 
liberated through lipolysis where triglyceride is hydrolysed 
to its constituents, glycerol and non-esterified fatty acids 
(NEFA; also known as free fatty acids (FFA)). Fat is able to 
substitute for glucose as an energy substrate in many but not 
all tissues. In muscle, there is no real preference for glucose 
or NEFA and the tissue can and does readily change from 
one to the other. The brain and other neural tissues have an 
obligatory requirement for glucose and cannot survive 
without it; however, they can substitute ketones (but not 
NEFA) for some, but not all, of their energy needs. 

Protein is used mainly for structural processes but is 
continuously being synthesized and broken down. When 
food is short and glycogen stores are depleted, protein 
becomes the major source of gluconeogenic precursors via 
the ‘glucogenic’ amino acids released during proteolysis. 
Proteolysis is inhibited by insulin (another of Schafer’s 
‘chalonic’ actions) and, in states of relative insulin lack such 
as prolonged fasting, insulin concentrations fall low enough 
to allow release of sufficient gluconeogenic amino acids to 
maintain blood glucose in the normal range. The price for 
this is a gradual but progressive loss of structural protein. As 
stated earlier, it is this that determines survival during 
prolonged fasts. 


What goes wrong in diabetes? 

Fasting hyperglycaemia is the hallmark of diabetes. In the 
very early stages, so-called impaired glucose tolerance 
(IGT), fasting blood glucose concentration is normal and 
only the response to a glucose challenge is impaired. In 
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Fig 4 Fasting plasma glucose concentration is determined not only by 
fasting plasma insulin but also by glucagon. These data were obtained 
from a group of five type 1 diabetic patients who withheld insulin for 
24 h on four separate occasions There was a very close correlation 
between fasting blood glucose and plasma glucagon, also, on each 
occasion the same individual achieved a remarkably similar fasting 
plasma glucose and glucagon concentration. 


symptomatic diabetes, fasting hyperglycaemia is always 
present and random blood glucose concentrations are always 
in excess of 11 mmol litre”, often considerably so. For the 
classical symptoms of thirst, polyuria and weight loss to 
occur, there must be heavy glycosuria. By and large, the 
severity of the metabolic disturbance is reflected accurately 
in the degree of elevation of the fasting blood glucose 
concentration (which reflects the magnitude of the hepatic 
overproduction of glucose). This is illustrated in Fig. 3. 

Even when the fasting blood glucose concentration is as 
high as 20 mmol litre™!, it remains constant over several 
hours of fasting. During this time, a dynamic steady state 
exists when glucose production matches glucose disappear- 
ance from the bloodstream exactly. The magnitude of the 
hyperglycaemia is determined by the absolute rate of 
hepatic glucose production (Fig. 3) and this in turn is 
determined by the extent of, on one hand, the insulin 
deficiency and, on the other hand, the magnitude of the 
glucagon rise in response to insulin deficiency. This is 
another key point. In patients with diabetes mellitus 
secondary to pancreatectomy, where glucagon concentra- 
tions are low, fasting hyperglycaemia is modest. In type 1 
diabetes, glucagon production is unimpaired and, in the face 
of insulin deficiency, plasma concentrations rise rapidly to 
high concentrations. In a group of insulin-withdrawn type 1 
patients, where no insulin had been given for 24 h, fasting 
plasma glucose (and hence hepatic glucose production) 
correlated remarkably closely with fasting plasma gluca- 
gon” as shown in Fig. 4. 


Glucose uptake into cells is usually normal and 
often high in untreated diabetes 


Since there is a dynamic steady state during short-term 
fasting, glucose production exactly matches glucose clear- 
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ance from the plasma. In the face of hyperglycaemia, 
glucose clearance represents both tissue glucose metabolism 
and urinary glucose loss. By collecting urine and measuring 
the losses directly, tissue glucose metabolism can be 
calculated readily. Such calculations show that, in the face 
of hyperglycaemia, tissue glucose uptake is usually 
increased above normal even when insulin deficiency is 
severe. This cannot be reconciled with the concept that 
insulin is required for glucose uptake by insulin-sensitive 
tissues. Indeed it proves beyond question that insulin is not 
required. We now know the detailed mechanisms involved 
and can explain this. Glucose uptake by all cells is by means 
of a specific transport protein (glucose transporter) of which 
at least six isomers (Glut 1 to Glut 6) are known. Glucose is 
a highly polar substance, being freely soluble in water but 
insoluble in fat. It cannot enter cells except through the 
specific transport system utilizing Glut 1-6. Glut 4 is the 
transport protein present in muscle and adipose tissue, 
which is known to be ‘insulin sensitive’. This means that, in 
addition to the transporters resident in the cell membrane at 
any given moment, there is a pool of glucose transporter 
molecules in the cytoplasm of the cell which can be 
recruited in response to a rise in plasma insulin, to join those 
already in the cell membrane in the fasting state. We now 
know, from experiments like those illustrated in Fig. 3, that 
even in the fasting state or in a state of absolute insulin 
deficiency, there are sufficient glucose transporters already 
in place in the cell membrane to allow glucose uptake to 
exceed that of a normal individual when the gradient of 
glucose concentration across the cell membrane is suffi- 
ciently high. 

This ‘mass action’ effect accounts for the observations 
which show unequivocally that tissue glucose uptake can 
exceed normal even in the face of severe insulin deficiency 
such as occurs in uncontrolled diabetes mellitus. 


Ketosis inhibits glucose uptake in many tissues and 
thus can ‘spare’ structural protein 


Glucose uptake is not, however, increased in all diabetic 
patients with hyperglycaemia. When significant ketosis 
occurs, this can inhibit glucose metabolism in cells, because 
the ketone bodies (3-hydroxybutyrate, acetoacetate and 
acetone) are freely soluble in both water and fat and diffuse 
across the cell membrane in direct proportion to their 
concentration in plasma, They are metabolized intracellu- 
larly to acetoacetate, which enters the Krebs’ cycle and 
becomes oxidized to carbon dioxide and water. When 
ketone concentrations in the plasma are high (above about 
15 mmol litre“), their metabolism can account for most of 
the energy needs of the Krebs’ cycle. This results in a 
physiological ‘damming back’ of glycolysis from glucose. 
As a result, the concentration of the intermediate com- 
pounds in the glycolytic pathway increases until the tissue 
concentration of glucose 6-phosphate is so high that further 
phosphorylation of glucose that has been transported into 
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Fig 5 The biochemical consequences of insulin deficiency are summarized in this illustration Insulin normally has a tonic mbuibitory control (what 
Schafer termed ‘chalonic’ action) on the supply of energy substrates arising mainly from metabolism ın the liver, muscle and adipose tissue. Normally 
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the cell becomes inhibited. Even when this stage is reached, 
glucose transport into the cell continues but, rather than 
being phosphorylated and passing down the glycolytic 
pathway and oxidized in the Krebs’ cycle, glucose is 
transported back out of the cell (‘futile cycling’). The 
glucose transporter is specific for glucose and cannot 
transport glucose 6-phosphate. 

Thus glucose transport and uptake into cells are depend- 
ent on the degree of ketosis. In the face of extreme ketosis, 
such as that not uncommonly seen in type 1 diabetes, where 
concentrations rise to as high as 25 mmol litre™!, glucose 
uptake can be reduced to almost zero in tissues, such as 
muscle, that can metabolize ketones as readily as glucose. 
Under these conditions, glucose uptake in brain and other 
neural tissues (which can metabolize limited amounts of 
ketones) is reduced but ketones can never substitute 
completely for glucose. Red blood cells, on the other 
hand, do not have nuclei or mitochondria, cannot metabo- 
lize ketones at all and rely entirely on glucose conversion to 
lactate for their energy needs. 

Ketoacidosis in diabetes is an uncontrolled process where 
serious lack of insulin ‘takes the brake off’ lipolysis and 
ketogenesis. The result is severe ketosis, which can readily 
become ketoacidosis and can easily be fatal once ketoacids 
reach concentrations above 20 mmol litre? and compensa- 
tory mechanisms become exhausted. 

Controlled ketosis occurs with prolonged fasting in non- 
diabetics. Insulin levels fall sufficiently to release enough 
NEFA and to activate the hepatic enzymes of ketogenesis 
sufficiently to allow ketoacids to reach concentrations of <7 
mmol litre’. This is a 70-fold increase over their normal 
fasting concentration (around 0.1 mmol litre™’) and suffi- 
cient to supply energy for those tissues able to substitute 
ketones for glucose. In muscle this is as high as 100%, in red 
blood cells it is 0 and in the central nervous system it can be 
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as high as about 50%. Thus the need for glucose is reduced 
and structural protein is preserved. 


Mechanisms leading to the development of 
diabetic ketoacidosis and hyperosmolar non- 
ketotic diabetic coma 


Schafer’s concept of insulin’s main action being as a 
chalone has been shown to be correct. Thus insulin normally 
‘keeps the brakes on’ a number of key metabolic processes 
including the supply of all ‘fuels’ needed for metabolism 
from glycogenolysis, gluconeogenesis, lipolysis, ketogen- 
esis and proteolysis. In the presence of severe insulin 
deficiency, such as occurs in diabetic ketoacidosis, the 
‘brake’ is removed and the net result is a sort of metabolic 
mayhem. In keeping with the basis of ‘Murphy’s law’ (when 
one thing goes wrong, so does every thing else); insulin 
deficiency itself leads to over-secretion of the ‘anti-insulin’ 
hormones glucagon, cortisol, growth hormone and catecho- 
lamines. This in turn aggravates the metabolic effects of 
insulin lack. This is summarized in Fig. 5. 

Glycogenolysis and gluconeogenesis are activated as a 
result of lack of insulin in the liver; the rates of these 
processes are further enhanced by over-production of 
hormones such as glucagon and cortisol, which stimulate 
these processes, particularly in the face of insulin defi- 
ciency. The net result is that the liver pours glucose into the 
circulation much more quickly than the tissues can 
metabolize it. This leads to a progressive increase in 
blood glucose concentration. When this exceeds the renal 
threshold, glycosuria develops and fasting blood glucose 
eventually reaches a dynamic steady state where over- 
production of glucose by the liver is matched by increase 
clearance through metabolism in the tissues (Ru) and 
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excretion in the urine (R,). Under these steady-state 
conditions, Rz=Ra=RiytRo. 

Proteolysis is enhanced as a result of lack of insulin in 
muscle, providing a supply of glucogenic and ketogenic 
amino acids. The glucogenic amino acids (alanine, arginine, 
etc.) pass to the liver to fuel the furnace of gluconeogenesis. 
In addition, lack of insulin at the liver activates the enzymes 
of gluconeogenesis. The ‘ketogenic’ amino acids (leucine, 
isoleucine and valine) released from proteolysis contribute 
to the substrates for hepatic ketogenesis. 

As a result of lack of insulin in adipose tissue, lipolysis 
proceeds at an accelerated rate and this is further enhanced 
by over-secretion of growth hormone and catecholamines. 
Stored triglyceride is hydrolysed to glycerol and NEFA. The 
glycerol passes to the liver and contributes significantly to 
gluconeogenesis while the NEFA are transported to the liver 
and provide the major substrate for ketogenesis. Plasma 
concentrations of NEFA rarely increase above 1.5 mmol 
litre™! since NEFA are insoluble in water (highly non-polar) 
and rely on albumin binding for transport in the extracellular 
fluids. At 1.5 mmol litre™’, all protein binding is saturated. 
NEFA are metabolized very quickly with a plasma half-life 
of 1-2 min, thus flux through the blood can be very high 
without the concentration rising above 1.5 mmol litre’. 

As a result of insulin lack, the liver 1s also ‘primed’ for 
ketogenesis as insulin deficiency activates the appropriate 
enzymes of ketogenesis. With increased flux of NEFA 
substrate arriving at the liver from accelerated lipolysis, the 
net result is that the liver pours out ketoacids (3- 
hydroxybutyric and acetoacetic acids) into the blood stream, 
where R, exceeds Ra, so their concentrations in the blood 
increase progressively. In this case, although ketones are 
excreted in the urine, there is no ‘renal threshold’ and unlike 
glucose the urinary losses are not very great and do not lead 
to the development of a new steady-state blood ketone 
concentration. The only significant loss of ketones from the 
circulation is, therefore, from metabolism. Since ketones are 
freely soluble in water and lipid, they enter all cells at high 
concentrations and are metabolized in preference to glucose 
in cells capable of doing so. If unchecked, ketone concen- 
trations increase progressively and lead to the development 
of a progressively serious metabolic acidosis. If unchecked, 
ketoacids accumulate and exceed the body’s compensatory 
mechanisms (buffering with bicarbonate and hyperventila- 
tion) and H* concentration rises to the point where blood pH 
drops to around 6.7-6.8 (when total acids reach about 25 
mmol litre’). Beyond this, the condition is rapidly fatal. Of 
considerable diagnostic importance is the fact that the ratio 
of the concentrations of 3-hydroxybutyric acid:acetoacetic 
acid is determined by the H* concentration such that the 
acetoacetic acid concentration decreases as blood pH 


decreases. Since the-conventional bedside tests for ketones- 


(Ketostix or Acetest tablets) react only with acetoacetic acid 
and require >1~2 mmol litre”! acetoacetic acid to trigger a 
positive test, it is possible to have a patient with severe 
ketoacidosis with a plasma 3-hydroxybutyrate concentra- 
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tion as high as 20 mmol litre! and a urine ketone test 
showing only a trace of ketones (from a blood aceto-acetate 
concentration of 2 mmol litre™'). This may often be ignored 
as irrelevant and the patient incorrectly assumed to have 
lactic acidosis; this can be a fatal mistake as the treatment of 
lactic acidosis is quite different from that of ketoacidosis. 

Thus, there are two parallel metabolic processes that go 
wrong in the face of insulin deficiency: (i) glucose over- 
production and (ii) ketone over-production. Usually, both go 
wrong together and this is what one sees when insulin is 
withdrawn from a longstanding type 1 diabetic patient. 
Hyperglycaemia and ketoacidosis develop simultaneously 
and in parallel. Occasionally one pathway dominates. The 
commonest clinical scenario is hyperosmolar non-ketotic 
diabetic coma (HONK). This happens when insulin supplies 
are not quite zero and there is sufficient present to inhibit 
lipolysis but not gluconeogenesis. There is often an 
aggravating factor present: the patient may turn to a ‘high- 
energy’ drink to quench the thirst arising from the osmotic 
diuresis of the underlying type 2 diabetes. In the early 
stages, the patients may feel unwell and lacking in energy 
and, as a result of television advertising, try high-glucose 
drinks in the hope that they will make them feel more 
energetic. This just augments the already elevated rate of 
glucose entry into the circulation, aggravates osmotic 
diuresis and accelerates the process of decompensation. 
The very high glucose concentrations may themselves also 
help suppress lipolysis and ketogenesis by encouraging re- 
esterification of NEFA released from fat. 

A rarer occurrence is ‘normoglycaemic ketotacidosis’. 
This arises usually in an established diabetic patient who 
becomes unwell and cuts down food intake, monitors his/her 
own blood glucose and takes extra insulin to prevent 
hyperglycaemia. Occasionally the drive of fat-mobilizing 
hormones, such as catecholamines and growth hormone, 
break through the inhibition of insulin on lipolysis and 
ketosis results. However, this is very uncommon. 


The development of electrolyte disturbances 


During the hyperglycaemic phase when the hyperglycae- 
mia-induced osmotic diuresis leads to thirst and polyuria, 
the choice of fluid that people make to slake their thirst 
varies enormously and often has a profound effect on 
outcome. We have already covered the scenario where a 
patient turns to a sweet beverage; in the case of another 
person who chooses a hypo-osmolar fluid such as water, the 
outcome may be quite different. In this case the fluid lost 
through the osmotic diuresis is nearly matched with the 
water intake and a tenuous ‘compensated osmotic diuresis’ 
exists and can be maintained for a long time. Despite this, 
electrolytes, particularly sodium, are continually lost with 
the diuresis. In the early stages of diuresis, sodium is lost at 
around 150 mmol litre” of urine (and potassium at around 5 
mmol litre’ of urine). If this is replaced by water, 
reasonable osmolar balance is maintained. The net result, 
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however, is progressive depletion of sodium. This activates 
the renin—angiotensin system and aldosterone secretion 
increases, leading to increased sodium resorption from the 
tubules. Sodium losses decline as aldosterone concentra- 
tions increase. Aldosterone is very effective in retaining 
sodium even in the face of an osmotic diuresis. This 
hypersecretion of aldosterone has a knock-on effect on 
potassium stores since the high aldosterone concentrations 
reduce potassium resorption and urinary potassium excre- 
tion increases. The longer the phase of ‘compensated’ 
osmotic diuresis, where osmolar balance is maintained 
within reasonable limits, the greater the degree of overall 
sodium and potassium depletion. There is always also a 
‘free water deficit? as water, in the relative absence of 
sodium, is carried out with the diuresis. 

Eventually, uf untreated and if significant ketoacidosis 
does not develop, the sodium depletion reaches the stage 
where dehydration is so great that hypotension occurs. The 
patient then becomes oliguric and uraemic in the face of a 
substantial osmolar load. This is a very precarious situation 
characterized by a prune-like appearance with marked 
hypotension and raised serum creatinine and urea. If not 
treated promptly with parenteral rehydration, it is rapidly 
fatal. At this stage, the patient is depleted of, at the very 
least, 6 litres of water, 600 mmol of sodium and 500 mmol 
of potassium. Although the patient is so depleted of 
potassium, plasma potassium may be dangerously high as 
a result of potassium leaking out of cells into the 
extracellular fluid but no longer being excreted by diuresis. 
The most severe cases of fluid and electrolyte depletion are 
often seen in those who do not develop ketoacidosis. The 
depressed mental state correlates most closely with the 
degree of hyperosmolality and dehydration. Therapy should 
be targeted at correcting the electrolyte disturbance; insulin 
administration is of secondary importance. 

If ketoacidosis does develop, the problems of metabolic 
acidosis may appear to dominate the clinical picture. It is 
important to remember, however, that severe fluid and 
electrolyte depletion is inevitable and that correction of this 
in a timely and appropriate manner is the hallmark of 
successful treatment. 


Insulin replacement and the control of 
metabolism in diabetes 


Current dogma would have us believe that administration of 
insulin to somebody with severely deranged diabetes 
suddenly and miraculously allows the cells in the body to 
breathe again and be restored to their former healthy state. 
This is, as we have seen, untrue, so it is amazing how long 
this dogma has persisted. A major aim of this review has 
been to set the record straight and rehabilitate Sir Edward 
Schafer’s correct perception of the role of insulin in 
regulating energy metabolism. As has been outlined in the 
previous section, the major problems of lack of insulin are 
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consequences of: (1) the osmotic diuresis resulting from the 
over-production of glucose or (ii) the metabolic acidosis 
resulting from the over-production of ketoacids. These 
occur as a result of a failure of insulin to regulate energy 
substrate release from stores in an orderly manner (chalonic 
action of insulin). The consequent metabolic mayhem 
results from the unrestrained release of all energy stores 
and flooding of the extracellular fluid with too much of what 
is normally a ‘good thing’. 


How then does insulin lower the blood glucose in 
diabetes? 


Again this question is simple to answer and, by now, the 
answer will not be surprising. The use of tracer glucose 
infusions has shown not only that hyperglycaemia in the 
face of insulin deficiency is the result of over-production of 
glucose by the liver but also that insulin infusion lowers 
blood glucose by inhibiting hepatic glucose production. 
Indeed, rather than stimulating glucose uptake in tissues 
such as muscle, insulin in fact reduces glucose uptake. This 
is because the main factor driving glucose uptake is the 
‘mass action’ effect of hyperglycaemia and the concentra- 
tion gradient between the extracellular and intracellular 
glucose concentrations. Glucose transporters are not rate 
limiting under these conditions, even in the face of severe 
insulin deficiency. 

Some of the experimental data behind our understanding 
of these mechanisms are illustrated in the results” shown in 
Fig. 6. In these studies a group of established type 1 diabetic 
patients volunteered to be studied on three occasions in the 
‘insulin-withdrawn’ state 24 h after their last dose of insulin. 
The order cf events was randomized. Patients received 
either an infusion of saline, low-dose insulin (2.6 u h7!) or 
high-dose insulin (10.6 u ho) for 2 h. Tracer glucose was 
infused for 2 h before the insulin was started and the rates of 
glucose production and utilization were measured before 
and during the insulin infusions. Blood glucose concentra- 
tion decreased more rapidly with high-dose rather than low- 
dose insulin and declined very slowly during the saline 
infusion (Fig. 6A). Insulin produced an immediate reduction 
of 50% in hepatic glucose production (R,); this was the only 
change leading to the decrease in glucose during the low- 
dose study. The reduction in blood glucose concentration 
produced by the low-dose insulin infusion was followed by 
a reduction in glucose uptake (Ra) in keeping with the 
primary impcrtance of the glucose concentration gradient 
rather than the insulin concentration in the regulation of 
glucose disposal. Thus insulin administration lowered 
glucose uptake into peripheral tissues. During the high- 
dose infusion there was a similar immediate halving of 
hepatic glucose production but insulin stimulated glucose 
uptake as well as inhibiting glucose production, so the 
decrease in blood glucose was more rapid (Fig. 6B). Under 
physiological conditions, plasma insulin concentrations 
rarely increase above 100 mu litre"! except transiently for 
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Fig 6 The data shown were obtained from a group of insulin-deprived patients with type 1 diabetes Each volunteer was studied on three occasions 
24 h after his or her last dose of insulin (A) On each occasion the volunteers had a comparably mcreased fasting blood glucose concentration (as in 
Fig. 3). Each volunteer received an infusion of saline, low-dose msulin and high-dose insulin in random order (B) Glucose production and utilization 
were measured using a continuous infusion of tracer glucose. Corrections were made for measured unnary glucose losses The results show that 
fasting hyperglycaemia was caused by an elevated hepatic glucose production rate and that insulin lowered blood glucose through inhibition of hepatic 
glucose production. In the low-dose study (which produced insulin concentrations ın the normal physiological range) glucose utilization was not 
increased at all; indeed, it fell in parallel with blood glucose concentration. In the high-dose study (which produced insulin concentrations of a 
magnitude seen only after a high-carbohydrate meal), there was a transient increase in glucose utilization but this was later followed by a progressive 


decrease ın glucose. 


a few minutes after a very high carbohydrate load. The low- 
dose infusion at 2.6 u h produce insulin concentrations 
around 30-50 mU litre™’ whereas with 10.6 u h™ concen- 
trations may exceed 200 mU litre™!, which 1s rarely seen in 
normal life. The results are very much in keeping with 
Schafer’s concept of a primary role of insulin in regulating 
blood glucose concentration through control of hepatic 
glucose storage, hence the evolution of the endocrine 
pancreas within the portal circulation. 


Why is it important to understand the 
mechanisms regulating energy metabolism? 
Anaesthetists are involved in the management of many 
types of disease, both in the perioperative setting and in 
intensive care. Diabetes is a common condition and people 
with diabetes consume proportionally more health care 
resources than expected purely on the basis of prevalence. 
Modern management of diabetes in everyday life has been 
shown to affect outcome profoundly; the same is true in the 
perioperative and intensive care setting. The excellent 
review ın this issue on the ‘Anaesthetic management of 
patients with diabetes mellitus’, by Professor Hall,* 
describes these advances in detail. The purpose of this 
article is to provide the modern science behind the practice 
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of medicine. A clear understanding of the physiology and 
pathophysiology is essential if a doctor is going to react 
appropriately when they are faced with a clinical scenario in 
which they have to make decisions based on their under- 
standing of disease rather than their personal experience of 
handling similar cases. Since this happens frequently in 
medicine, it is one of our obligations to keep up to date in 
our education. It is clear from the author’s experience that 
there is a gap between modern science and teaching in this 
area. 

We conclude this article by examining how this basic 
science approach might influence the management of a 
common clinical scenario; the well controlled, uncompli- 
cated diabetic scheduled for elective surgery. 


The well controlled diabetic undergoing 
elective surgery 


The importance of good metabolic control 


Tight metabolic control 1s important at all times for both 
type 1 and type 2 patients; it is especially so at the time of 
surgery. If control has been tight for the weeks preceding 
surgery, then at admission these patients are essentially 
normal with respect to fluid balance and electrolyte status. 
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Therefore, in respect to these issues, they can be treated in a 
similar way to other patients. This should greatly simplify 
the immediate preoperative preparation. Probably the most 
useful marker of the quality of recent control is the 
percentage of glycosylated haemoglobin, expressed as 
HbA1c (normal < 6.2%). 

HbAlc is only a measure of recent glycaemic control; 
fortunately, however, in the vast majority of people with 
diabetes, if glycaemic contro] is good then so are other 
metabolic processes. Indeed, in patients with diabetes 
treated with insulin who have ‘tight glycaemic control’, 
there can be ‘over-contro]’ of other metabolic processes. 
This is explained as follows. Exogenous insulin is given 
peripherally and the dose adjusted to control hepatic glucose 
production, not proteolysis. With subcutaneous or intraven- 
ous administration of insulin, the concentration in the portal 
circulation will always be less than in the systemic 
circulation. This is a reversal of the normal situation. 
Good glycaemic contro] thus invariably results in peripheral 
hyperinsulinaemia. Hence lipolysis and proteolysis are 
slightly ‘over-controlled’ (protein synthesis ıs normal 
—insulin-independent and regulated by growth hormone— 
but protein breakdown is reduced as a result of the 
‘chalonic’ action of peripheral hyperinsulinaemia). 

A patient with an HbAic of 7% is effectively normal. It is 
only when HbAlIc is >9% that things begin to go wrong, 
especially with respect to the development of osmotic 
diuresis and consequent water and electrolyte loss. With an 
HbAic of 12-15%, the patient is on the verge of diabetic 
ketoacidosis. In these patients, electrolyte imbalance, fluid 
balance and improvement in metabolic control must be 
corrected preoperatively. 

\ 


Immediate preoperative metabolic control 


Type 1 patients. Within a few years of the onset of diabetes, 
and even in the presence of excellent control, all type 1 
diabetics stop producing endogenous insulin. Therefore, no 
type 1 diabetic can tolerate prolonged periods without 
exogenous insulin. Once the effect of their last dose of 
insulin has worn off, the brake on hepatic glucose produc- 
tion and catabolism is removed, resulting in the develop- 
ment over many hours of hyperglycaemia and ketosis. 
Traditionally, many of these patients have been managed 
with a mixture of glucose, insulin and potassium combined 
in one bag and administered intravenously. The use of 
separate infusions of glucose and insulin is also popular and 
probably allows tighter control, but has generated concern 
regarding the sudden discontinuation of the glucose if the 
bag finishes, a disconnection occurs or the cannula becomes 
obstructed (and is later flushed). Some of these concerns are 
equally valid if a saline infusion is used. However, as long 
as a well controlled type 1 patient continues their normal 
regimen (diet and insulin) up to the night before surgery 
(possibly modifying (reducing) their evening dose of 
insulin), then on the morning of operation their insulin 
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concentrations will be low and decreasing and their glucose 
normal or slightly increased. In all other respects they 
remain well controlled. From then on the consequence of 
continued starvation combined with avoidance of insulin 
has to be the gradual development of hyperglycaemia as the 
liver starts releasing increasing amounts of glucose. It thus 
seems logical that the only intervention these patients 
require to maintain good control in the preoperative period 
is insulin. They should not yet have developed any fluid or 
electrolyte imbalance greater than that in a non-diabetic. 
Therefore, they could be managed more simply, more safely 
and with tight control by the sole use of an insulin infusion 
in combination with a traditional sliding scale. This greatly 
simplifies the physical administration of treatment (only one 
cannula, no three-way taps or ‘Y’ connectors with anti- 
reflux valves, no fluid pumps) and also avoids the compli- 
cated picture of matching insulin requirements to two 
variables: endogenous production of glucose and exogenous 
administration of glucose. The requirement for calories or 
fluid, or both, intra-operatively or later may require the 
commencement of a glucose, or other intravenous fluid, 
infusion at that time. 


Type 2 patients. All type 2 diabetics, even those who require 
insulin ror good control, produce endogenous insulin, and 
their metabolic state improves with fasting. Indeed studies 
have shown that prolonged starvation for up to 3 weeks 
normalizes glucose metabolism in type 2 patients. The 
immediate preoperative management of well controlled 
type 2 patients can and should be relatively simple. Normal 
treatment and diet should be continued up to the com- 
mencement of their preoperative fast (except, possibly, for 
reducing or omitting their evening dose of insulin or oral 
hypoglycaemic, respectively). Following their overnight 
fast they can safely omit the morning dose of insulin or oral 
hypoglycaemic and, apart from regular monitoring, no 
further intervention is likely to be necessary. 


Intra- and post-operative management 


The further management of all diabetic patients should be 
dictated by frequent assessment of glycaemic control and 
the patient’s ability to resume a normal diet (see reference 
4). Hyperglycaemia in any diabetic patient unable to take a 
normal diet should probably be treated with an intravenous 
infusion of insulin from an infusion pump, the rate being 
guided by a sliding scale. The need for intravenous calories 
and fluids should be assessed, as it would be for non- 
diabetics in a similar setting. 
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The prevalence of diabetes mellitus in both adults and 
children has been steadily rising throughout the world for 
the past 20-30 yr. 5 7” Recent changes in diagnostic 
criteria, if widely adopted, will probably also lead to more 
patients being classified as having diabetes.'© Inevitably, 
diabetic patients presenting for incidental surgery, or 
surgery related to their disease, will place an increasing 
burden on anaesthetic services. Conflict will occur between 
an economic need to minimize hospital stay and traditional 
approaches to managing perioperative diabetic patients that 
rely on a period of inpatient preoperative ‘stabilization’. 

Better glycaemic control in diabetic patients undergoing 
major surgery has been shown to improve perioperative 
mortality and morbidity.“ %° Simple avoidance of hypogly- 
caemia and gross hyperglycaemia are no longer adequate in 
the light of this knowledge. While there can be little 
argument about the management of diabetic patients 
undergoing major procedures, their management for minor 
surgery is an increasing dilemma. Under what circum- 
stances are day-case anaesthesia and surgery appropriate? 
Does admission on the day of surgery add to the risk for the 
diabetic patient? What investigations, if any, are needed to 
assess the cardiovascular system of an asymptomatic 
diabetic who presents for major surgery? Unfortunately, 
there are few data to provide answers to these questions. An 
understanding of the pathophysiology of diabetes and of the 
importance of recent research should improve the peri- 
operative care of diabetic surgical patients. This review will 
discuss some recent developments in the field. It will not 
provide ‘recipes’ or algorithms for management. These can 
be found in any of the standard texts. 


Revised diagnostic criteria for diabetes 
mellitus 

Recently, both the American Diabetes Association (ADA) 
and the World Health Organization (WHO) published 


recommendations for new diagnostic criteria for diabetes 
mellitus.’ 1% Both bodies advise a reduction in the threshold 
limit for fasting plasma glucose concentrations and reaffirm 
a more aetiologically based nomenclature. The terms type 1 
(pancreatic B-cell destruction) and type 2 (defective insulin 
secretion and, usually, insulin resistance) diabetes are 
recommended to replace completely the frequently mus- 
leading terms ‘insulin-dependent’ and ‘non-insulin-depend- 
ent’ diabetes. The ADA has specified that the diagnosis of 
diabetes mellitus should be made if a ‘casual’ (random) 
plasma glucose value in an asymptomatic individual is 
>11.1 mmol litre™!. If a fasting plasma glucose is >7.0 mmol 
litre“! (6.1 mmol litre”! blood glucose) in an asymptomatic 
individual, the test should be repeated on a different day and 
a diagnosis made if the value remains above this limit. The 
ADA defines fasting plasma glucose concentrations be- 
tween 6.1 and 7.0 mmol litre™’ (5.6-6.1 mmol litre~’ blood 
glucose) as representing ‘impaired fasting glycaemia’. The 
WHO also recommends that a diagnosis of diabetes mellitus 
be made if a random plasma glucose concentration is >11.1 
mmol litre"! (venous whole blood >10.0 mmol litre”), It 
can also be diagnosed with a fasting plasma glucose 
concentration of >7.0 mmol litre™! and a second similar 
test or an oral glucose tolerance test producing a result in the 
diabetic range. 

The change in the fasting plasma glucose concentra- 
tions used to define diabetes and the role of a standard 
oral glucose tolerance test may make it difficult to 
compare epidemiological studies using these new criteria 
with those using previous ones. Inevitably, some indi- 
viduals will be diagnosed as having diabetes using 
criteria based solely on (lower) fasting plasma glucose 
concentrations who would not have been so diagnosed 
under the earlier definitions. There will be others who 
would have fulfilled the definition using an oral glucose 
tolerance test but who will have acceptable fasting 
values. Thus it is likely that the new definitions will 
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define as diabetic a group of glucose intolerant individ- 
uals.” : 

In addition to the two common types of diabetes, a 
number of causes of glucose intolerance can be defined 
according to a specific causal or pathological process. 
Gestational diabetes is glucose intolerance which has its 
onset in, or is first diagnosed during, pregnancy. The 
severity varies and the definition applies whether or not 
insulin is administered in treatment. Women with diabetes 
diagnosed before pregnancy are defined as having ‘diabetes 
mellitus and pregnancy’, ‘not gestational diabetes.’ The 
neonatal outcome of type 1 diabetic women who become 
pregnant is poor. Their infants are approximately five times 
more likely to be stillborn and 10 times more likely to have 
congenital malformations than those born to non-diabetic 
mothers.'° Management in a specialist centre may improve 
the incidence of perinatal mortality.” Abnormally in- 
creased membrane transport of glucose, even in mothers 
whose diabetes is well controlled, may explain the continu- 
ing high rates of congenital malformations (particularly 
macrosomia) despite improved treatment.*® Increasing the 
frequency of insulin administration from two to four times 
daily during pregnancy can lead to better maternal 
glycaemic control with a lower incidence of neonatal 
hypoglycaemia and hyperbilirubinaemia without increasing 
the risk of maternal hypoglycaemia.” 

There is a number of rare genetic causes of glucose 
intolerance. Among these are defects of B-cell function 
(formerly called maturity-onset diabetes of the young, or 
MODY) and defects in insulin action (formerly called type 
A insulin resistance). Diffuse diseases of the exocrine 
pancreas (such as pancreatitis), specific viral infections 
which destroy pancreatic B cells (rubella, Coxsackie B, 
cytomegalovirus, mumps and others) and immune-mediated 
processes (insulin autoantibodies or insulin receptor anti- 
bodies) can also lead to a ‘diabetic state’. Endocrinopathies 
associated with excess secretion of counter-regulatory 
hormones (such as growth hormone, cortisol, glucagon 
and epinephrine) can lead to hyperglycaemia. 

A number of drugs can induce glucose intolerance either 
by inhibiting the secretion of insulin or by interfering with 
the peripheral action of insulin.! In anaesthesia, glucocorti- 
coids and adrenergic agonists are most frequently impli- 
cated. The new oral corticosteroid, deflazacort, may be less 
‘diabetogenic’ than prednisolone or betamethasone.” 

‘Metabolic syndrome’ (also called syndrome X or insulin 
resistance syndrome) is a non-causally linked cluster of 
symptoms which carry a high risk of macrovascular disease. 
The cluster includes impaired glucose tolerance or diabetes, 
insulin resistance, raised arterial pressure, raised plasma 
triglycerides, central obesity and microalbuminuria.’ 


Pathophysiology 


Type 1 diabetics completely lack insulin secretion, making 
them prone to lipolysis, proteolysis and ketogenesis. These 
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processes are inhibited by minimal levels of insulin 
secretion and are rare in type 2 diabetics unless there is an 
additional stress such as sepsis or dehydration.'” 
Obviously, both groups are subject to the effects of 
hyperglycaemia. 

Diabetics are at increased risk of myocardial ischaemia, 
cerebrovascular infarction and renal ischaemia because of 
their increased incidence of coronary artery disease,” 
arterial atheroma! and renal parenchymal disease.’ 
Increased mortality is found in all diabetics undergoing 
surgery“ *° and type 1 diabetics are particularly at risk of 
post-operative complications.'!' Increased wound compli- 
cations are associated with diabetes? © 7 126 and 
anastomotic healing is severely impaired when glycaemic 
control is poor. 8 

The ‘stress response’ to surgery is associated with 
hyperglycaemia in non-diabetic patients as a result of 
increased secretion of catabolic hormones in the presence of 
a relative insulin deficiency. This deficiency arises from a 
combination of reduced insulin secretion}! and insulin 
resistance.” Insulin resistance may result, in part, from the 
increase in secretion of catecholamines, cortisol and growth 
hormone*” and involves an alteration of post-receptor 
binding of insulin and subsequent reduction of trans- 
membrane glucose transport.”” Some, at least, of the 
metabolic effects of the suppression of insulin secretion 
are reversed by intraoperative insulin infusion?” and both 
oral and i.v. perioperative administration of glucose 
enhance postoperative glucose utilization rates.°° © 8° 


Adverse effects of hyperglycaemia 


The consequences of a reduction in, or complete lack of, 
insulin-mediated metabolic processes can be classified 
according to chronicity and to histopathological effects. 

Acute consequences of untreated, or inadequately treated, 
diabetes mellitus include dehydration (resulting from the 
osmotic diuretic effect of glycosuria), acidaemia (because 
of accumulation of lactic and/or ketoacids), fatigue, weight 
loss and muscle wasting (because of lipolysis and 
proteolysis in absolute insulin deficiency). Ketoacidosis is 
rare in type 2 diabetics but is frequently a presenting 
symptom of type 1 disease. It is a medical emergency that 
still carries a considerable mortality rate of up to 15%.* ® 
The mortality of hyperosmolar non-ketotic hyperglycaemic 
coma in type 2 diabetics may be even greater,” probably 
reflecting a more elderly population with a higher incidence 
of co-existing disease. 

Ketoacidosis is treated by rehydration and insulin 
infusion with frequent measurements of serum electrolytes 
and acid-base status. Sequential estimations of blood 
B-hydroxybutyrate concentrations and concomitant con- 
tinuation of intensive insulin therapy may expedite treat- 
ment.'* Non-ketotic hyperglycaemic coma is frequently 
precipitated by infection and is commonly associated with 
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multi-organ system dysfunction. Blood glucose concentra- 
tions may be extremely high.” 

Chronic effects of diabetes can be divided into micro- 
vascular (including proliferative retinopathy and diabetic 
nephropathy), neuropathic (autonomic and peripheral 
neuropathies) and macrovascular complications (athero- 
sclerotic disease). The incidence of microvascular and 
neuropathic complications in types 1 and 2 diabetics ıs 
similar when adjusted for duration of disease and quality of 
glycaemic control. The cumulative lifetime incidence of 
proliferative retinopathy, proteinuria and distal neuropathy 
is roughly 50% for both type 1 and type 2 diabetics. This 
implies that the primary cause of these complications is 
hyperglycaemia itself, as the underlying metabolic path- 
ology is different for type 1 and type 2 disease.?! 
Macrovascular complications (as measured by rates of 
coronary artery, cerebrovascular and peripheral vascular 
disease) are also similar for type 1 and 2 diabetics 
(cardiovascular mortality is 30-54% for type 1 and 38- 
41% for type 2 diabetes).*! In type 2 patients, at least, 
abnormally high concentrations of plasminogen activator 
inhibitor-1 (PAI-1) and, therefore, impaired fibrinolysis, 
have been implicated in the accelerated rates of develop- 
ment of atherosclerotic disease.®? 

Improved glycaemic control has a beneficial effect on 
microvascular and neuropathic complications in type 2 
diabetes.''* Although there is probably no adverse effect,” 
improvement in glycaemic control alone appears not to 
improve the incidence of macrovascular disease in these 
patients.'!* However, tight control of blood pressure (with 
an angiotensin-converting enzyme inhibitor or a B-blocker) 
in patients with type 2 diabetes and hypertension reduces the 
risk of diabetes-related death, including that secondary to 
macrovascular complications, as well as the risk of other 
diabetes-related complications and eye disease.''* t16 


Diabetic therapy 
The problems of insulin replacement 


Insulin is secreted into the bloodstream from pancreatic 
B cells via the portal system so that there is normally a 
portal—peripheral insulin concentration gradient which can- 
not be mimicked by subcutaneous or i.v. insulin adminis- 
tration. Additionally, even the most sophisticated artificial 
insulin delivery systems cannot hope to replicate the 
complex local interaction between the B cells and A, D 
and PP cells of the islets of Langerhans (which secrete 
glucagon, somatostatin and pancreatic polypeptide, respect- 
ively) and the effects of the extrapancreatic neurohormonal 
system. Insulin secretion in response to varying states of 
feeding or starvation changes by 20- to 50-fold and 
maintains a basal insulin secretion during the fasting state. 
Insulin administered subcutaneously, even if timed opti- 
mally, will inevitably have inadequate peak concentrations 
for expected postprandial periods, and its duration of action 
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may be frequently too short to avoid periods of hypoinsu- 
linaemia and subsequent risk of lipolysis and proteolysis in 
patients with no endogenous insulin secretion. 

Insulin is synthesized in the pancreas as part of a longer- 
chain protein called proinsulin. This is cleaved by mem- 
brane-bound proteases producing the polypeptides insulin 
and C-peptide. These two polypeptides are secreted into the 
circulation in equimolar amounts. C-peptide is useful 
experimentally in determining native insulin production in 
type 2 dizbetic subjects receiving insulin. It was once 
thought that C-peptide had no physiological role other than 
facilitating the folding of the proinsulin molecule. However, 
more recent studies point to a possible role for C-peptide in 
glucose transport in skeletal muscle, renal tubular function 
and in the prevention of autonomic neuropathy, !!? 


Hypoglycaemic therapy 

Type 1 diabetics require insulin. Type 2 diabetics may 
require insulin but, in many cases, maintain reasonable 
glycaemic control with an appropriate diet and often the use 
of oral hypoglycaemic drugs. 

Therapeutic insulin may be extracted from beef (now 
rarely used) or pork pancreas, or synthesized using 
recombinant DNA technology from Escherichia coli. The 
amino acid sequences of insulin differ somewhat between 
species; however, modifying porcine insulin can produce 
human-sequence insulin. It was hoped that the replacement 
of animal- by human-sequence insulins would reduce the 
induction of antibodies and therefore insulin resistance, but 
clinical trials have been disappointing.© 

The three types of insulin preparation are classified 
according to their length of action. Soluble insulins have a 
rapid onset and short duration of action (depending upon the 
route of administration). When injected subcutaneously the 
duration of action is from 30 min up to 8 h with a peak at 
2-4 h. Human-sequence soluble insulin has a slightly 
shorter onset time and duration of action. Insulin lispro, a 
recently introduced recombinant human insulin analogue, 
has an even shorter duration of action. Soluble insulin 
injected i.v. has a half-life of approximately 5 mın. 

Longer-acting insulin preparations are made with sus- 
pensions of insulin with either protamine (‘isophane insu- 
lin’) or zinc (‘crystalline insulin’) salts or both together. 
They are often administered in combination with soluble 
insulin to obtain rapid onset together with a long duration of 
action. They are not suitable for i.v. use. Long-acting 
insulins may act for up to 36 h for animal-?! and 24 h for 
human-sequence preparations.*” 

There are four groups of oral hypoglycaemic agents: the 
sulphonylureas, the biguanides, the (recently developed) 
thiazolidinediones and modifiers of glucose absorption from 
the gut. In the main, sulphonylureas enhance the secretion of 
insulin in response to glucose and increase sensitivity to its 
peripheral actions. Biguanides (metformin is the only 
compound in this group available in the UK) promote 
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glucose utilization and reduce hepatic glucose production. 
Thiazolidinediones, which are still under clinical evaluation 
(and currently under a cloud because of reported hepato- 
toxicity), enhance insulin action in the periphery and inhibit 
hepatic gluconeogenesis, perhaps via a specific receptor 
mechanism. The a-glucosidase inhibitor, acarbose, sup- 
presses the breakdown of complex carbohydrates in the gut 
and therefore delays the rise in postprandial blood glucose 
concentrations.” 

Intensive, effective glycaemic control of type 2 diabetes 
results in a reduction of microvascular, but probably not 
macrovascular, complications of the disease.*! ‘4 Where 
adequate control can be. achieved (haemoglobin Aje 
concentration 7-8%7') there is no clear advantage for any 
therapeutic agent; oral hypoglycaemics and insulin have 
similar effects.” Metformin may be a better choice in obese 
type 2 diabetics. It was associated with a lower incidence of 
mortality and diabetes-related morbidity when used as a 
first-line treatment compared with either sulphonylureas or 
insulin in the recently-reported UK Prospective Diabetes 
Study (UKPDS).'!3 However, addition of metformin to 
patients receiving sulphonylureas in the UKPDS was 
associated with a worrying increase in mortality. Despite 
concerns about rare but potentially lethal lactic acidosis, 
which may be more likely in the elderly,’ in association 
with renal failure and hepatic failure and after surgery,” 
metformin is well tolerated and less likely to cause 
hypoglycaemia than sulphonylureas or insulin.” 1° 

Interest in the potassium channel-blocking effect of 
sulphonylureas and, hence, interference with myocardial 
ischaemic preconditioning, has increased recently.’ 
Glimepiride may not block potassium channels,” but 
angioplasty patients receiving sulphonylureas have greater 
mortality and morbidity than those given insulin.*? The 
general implications of this observation are not clear but, 
until data from well-conducted studies are available, it 
would seem prudent to convert patients taking sulphonyl- 
ureas to insulin several days before cardiac or other major 
surgery or procedures where myocardial perfusion may be 
compromised. 


Perioperative therapy 
Type 2 diabetics not receiving insulin and undergoing minor 
surgery usually can be managed satisfactorily without 
insulin.'°8 However, diabetic patients scheduled for major 
surgery, who are receiving hypoglycaemic medication or 
who have poor glycaemic control, should be established on 
insulin therapy preoperatively. Continuous i.v. infusion of 
insulin is a better option than intermittent s.c. bolus 
regimens!’ and, at least in perioperative cardiac surgical 
patients, may be associated with improved outcome.” 
Although intermittent i.v. bolus regimens are still used,®’ 
this approach is difficult to recommend.’ 42 

Adsorption of insulin on to the surface of syringes, i.v. 
fluid bags and i.v. giving sets is an unavoidable problem. In 
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solutions with a concentration of insulin of >400 ng mI™ 
(~10 U litre”) the effect is minimal.? However, significant 
amounts of insulin may be adsorbed. on to giving sets, 
particularly if they have a relatively high surface area, 
thereby reducing initial rates of insulin delivery if a high- 
volume, low-insulin concentration regimen is used.©? More 
consistent delivery can be achieved with more concentrated 
solutions of lower volume administered from a syringe.” 

When normal oral nutrition is not possible, parenteral 
administration of carbohydrate is required to safeguard 
against inadvertent hypoglycaemia and excessive catabo- 
lism. Safety is always a concern when insulin infusions are 
administered. Glucose—insulin—potassium (GIK) systems, 
such as the Alberti regimen, are inherently safe because they 
provide insulin and glucose in the same solution.” With 
separate glucose and insulin infusions one may be stopped 
inadvertently with potentially disastrous consequences. 
However, separate infusions were preferred by nursing 
staff and resulted 'in marginally improved perioperative 
glycaemic control when compared with a GIK system in one 
randomized controlled trial of 58 surgical patients.’°' Fifty 
per cent glucose solutions containing 0.25 or 0.5 U insulin 
ml! can provide amounts of glucose and insulin equivalent 
to the more conventional systems using 10% glucose and 
avoid the administration of large volumes of free water. 
However, the hypertonic 50% solution needs to be infused 
into a central vein. 


The metabolic challenge of surgery for the 
diabetic patient 

The immediate perioperative problems facing the diabetic 
patient are: (i) surgical induction of the stress response with 
catabolic hormone secretion; (ii) interruption of food intake, 
which may be prolonged following gastrointestinal proced- 
ures; (iii) altered consciousness, which masks the symptoms 
of hypoglycaemia and necessitates frequent blood glucose 
estimations; and (iv) circulatory disturbances associated 
with anaesthesia and surgery, which may alter the absorp- 
tion of subcutaneous insulin. 

Surgery evokes the ‘stress response’, that is, the secretion 
of catecholamines, cortisol, growth hormone and, in some 
cases, glucagon. These hormones oppose glucose homeo- 
stasis, as they have ‘anti-insulin’ and hyperglycaemic 
effects. Gluconeogenesis is stimulated and peripheral glu- 
cose uptake decreased. Although diabetics need increased 
insulin during the perioperative period, requirements for 
glucose and insulin in this period are unpredictable and 
close monitoring is essential, especially in the unconscious 
or sedated ‘patient. 

Diabetic patients established on longer-acting insulin are 
at risk of hypoglycaemia if regular food intake is inter- 
rupted, and of lipolysis and proteolysis if insulin therapy is 
delayed. Postoperative wound healing and infection may be 
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influenced by the adequacy of perioperative glycaemic 
control.’ 138 


Options for the perioperative management of 
diabetes 

The main concern for the anaesthetist in the perioperative 
management of diabetic patients has been the avoidance of 
harmful hypoglycaemia; mild hyperglycaemia has tended to 
be seen as acceptable. This has been attributed to the 
difficulues of measuring blood glucose when the reduced 
level of consciousness perioperatively masks signs and 
symptoms of hypoglycaemia. However, in the past decade 
the availability of more accurate and easy-to-use glucose 
monitors, with evidence that good glycaemic control 
improves short-term outcome, makes the practice of 
‘permissive hyperglycaemia’ unacceptable. 

One survey of anaesthetic practice in the Oxford region of 
the UK suggests that anaesthetists are likely to manage 
hyperglycaemia in perioperative diabetic patients more 
aggressively now than they did in 1985.7” However, of the 
172 respondents in this survey, 22% still preferred to 
maintain blood glucose at >10 mmol litre in diabetic 
patients and 2% preferred a value of >13 mmol litre’, The 
vast majority of respondents maintained glycaemic control 
for type 1 diabetic patients undergoing major surgery with 
glucose and insulin infusions, either separately or com- 
bined. Nearly 90% of respondents did not consider it 
necessary, in type 2 diabetics undergoing minor surgery, for 
there to be any greater intervention than omitting the usual 
hypoglycaemic therapy and avoidance of glucose-contain- 
ing i.v. solutions. Surprisingly, 17% of senior anaesthetists 
had the same approach to type 2 diabetics undergoing major 
surgery. Cost and inconvenience may influence decisions 
about the intensity of blood glucose management and, until 
recently, there has been little evidence to support strategies 
aimed at tightening glycaemic control.” Between the two 
extremes of a diet-controlled stable type 2 diabetic 
presenting for minor surgery and the ‘brittle’ type 1 patient 
undergoing major abdominal surgery, about whom there is 
little argument, there remains considerable disagreement 
about the ideal regimen for managing blood glucose. 


Monitoring techniques 

The advent of semi-automated devices has improved the 
accuracy of measurement of blood and capillary glucose 
concentrations in both the community and hospital.” For 
these machines to be effective they must be calibrated 
regularly and people using them must be trained. 

Recent work has suggested that measurement of circu- 
lating B-hydroxybutyrate concentrations may be helpful in 
treating acutely unstable diabetes”? '*4 and the development 
of a bedside device will enable the usefulness of sequential 
estimations of ketonaemia to be assessed.’° 


Glycosylated haemoglobin (HbAc,) measurement has no 
value in the perioperative period but is a valuable guide to 
long-term glycaemic control.*! If HbAc, values have been 
consistently >8% it is probable that microvascular compli- 
cations of diabetes are present. 


Anaesthetic technique and the diabetic 
patient 


Anaesthetic techniques, particularly the use of spinal, 
epidural, splanchnic or other regional blockade, may 
modulate the secretion of the catabolic hormones and any 
residual insulin secretion. The perioperative increase in 
circulating glucose, epinephrine and cortisol concentrations 
found in non-diabetic patients exposed to surgical stress 
under general anaesthesia is blocked by epidural anaesthe- 
sia.” '* The perioperative infusion of phentolamine, a 
competitive %-adrenergic receptor blocking drug, decreases 
the glycaemic response to surgery by partially reversing the 
suppression of insulin secretion.” Interestingly, a small 
study of non-diabetic patients showed preservation of the 
insulin response to a bolus of glucose after the use of low, 
but not high, spinal anaesthesia.“ This implies that basal 
islet cell secretion is maintained by B-adrenergic stimula- 
tion. Whether extensive spinal blockade is detrimental in 
type 2 diabetics is not known. Cataract surgery in type 2 
patients using local analgesia, when compared with general 
anaesthesia, was associated with much less disruption of 
glucose metabolism: blood glucose, lactate, B-hydroxybu- 
tyrate, serum cortisol, insulin and plasma non-esterified 
fatty acid concentrations were measured perioperatively.* 
Diabetic patients undergoing surgery with neural block- 
ade will usually resume oral intake earlier than after general 
anaesthesia. It is now common practice in cataract surgery 
to allow normal oral intake and hypoglycaemic therapy 
throughout the perioperative period. In a series of 12 000 
cataract extractions under local anaesthesia, in which 
patients were not starved, eight patients showed evidence 
of brain stem anaesthesia, and one developed cerebral 
spread of local anaesthetic solution. In only one patient was 
surgery postponed because of persistent nausea.’ However, 
the possibility of having to convert a regional technique to 
general anaesthesia may militate against this practice in 
other forms of surgery. At present, there is no evidence that 
regional anaesthesia alone, or in combination with general 
anaesthesia, confers any benefit in the diabetic surgical 
patient, in terms of mortality and major complications. 
Regional anaesthesia may carry greater risks in the 
diabetic patient with autonomic neuropathy. Profound 
hypotension may occur with deleterious consequences in a 
patient with ca-existing coronary artery, cerebrovascular or 
renovascular disease. The risks of infection and vascular 
damage may be increased with the use of regional 
techniques in diabetic patients; epidural abscesses occur 
more commonly following spinal and epidural anaesthe- 
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sia.* 77 Conversely, a diabetic peripheral neuropathy 
presenting after epidural anaesthesia may be confused 
with an anaesthetic complication of regional blockade.°° 


Anaesthetic agents and diabetes 


Induction agents may affect glucose homeostasis periopera- 
tively. Etomidate blocks adrenal steroidogenesis and hence 
cortisol synthesis, by its action on 11B-hydroxylase and 
cholesterol cleavage enzymes, and consequently decreases 
the hyperglycaemic response to surgery by approximately 1 
mmol litre! in non-diabetic subjects. The effects on 
diabetic patients have not been established. 

Benzodiazepines decrease the secretion of ACTH, and so 
the production of cortisol, when used in high doses during 
surgery.'® They reduce sympathetic stimulation but, para- 
doxically, stimulate growth hormone secretion and result in 
a decrease in the glycaemic response to surgery. These 
effects are minimal when midazolam is given in usual 
sedative doses, but may be relevant if the drug is given by 
continuous i.v. infusion to patients in intensive care. 

High-dose opiate anaesthetic techniques produce not only 
haemodynamic, but also hormonal and metabolic stability. 
These techniques effectively block the entire sympathetic 
nervous system and the hypothalamic—pituitary axis, prob- 
ably by a direct effect on the hypothalamus and higher 
centres.” Abolition of the catabolic hormonal response to 
surgery will, therefore, abolish the hyperglycaemia seen in 
normal patients and may be of benefit in the diabetic 
patient.” 7 

Halothane, enflurane and isoflurane, in vitro, inhibit the 
insulin response to glucose in a reversible and dose- 
dependent manner.!? *? The effect of propofol on insulin 
secretion is not known. Diabetic patients show a reduced 
ability to clear lipids from the circulation.” Although this 
is unlikely to be relevant during short anaesthetics when 
propofol is used for maintenance or as an induction agent 
only, ıt may have implications for patients receiving 
propofol for prolonged sedation in the intensive care unit. 


Complications of diabetes 


Microvascular, neuropathic and macrovascular complica- 
tions of diabetes mellitus are of special concern for the 
anaesthetist. Of particular importance are coronary heart 
disease, diabetic nephropathy and autonomic neuropathy 
because these may have a direct effect on the development 
of perioperative complications. In addition, young patients 
with long-standing type 1 diabetes and poor glycaemic 
control were found to have significantly decreased lung 
volume, lung diffusing capacity and cardiac stroke index 
during exercise when compared with patients treated with 
intensive insulin therapy.’® 

Because of glycosylation of collagen in the cervical 
joints, part of a generalized phenomenon called ‘stiff joint 
syndrome’,** diabetic patients are more likely to present 
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with difficult laryngoscopy and intubation. Stiffness of the 
fourth and fifth interphalangeal joints is a common feature 
and the resulting alteration in palm print may be a good 
predictor of difficult intubation.’* However, in one retro- 
spective review of the anaesthetic records of 725 patients 
who underwent renal and/or pancreatic transplantation (of 
whom 209 were diabetic), none were reported as having 
‘moderate to extreme difficulty’ of laryngoscopy. A total of 
4.8% of the diabetics presented ‘minimal to moderate’ 
difficulty for intubation compared with 1.0% of the non- 
diabetics. All were intubated successfully although one was 
intubated electively with the aid of a fibre-optic flexible 


laryngoscope. ° 


Coronary heart disease 


Diabetic men are more than four times as likely, and women 
five times as likely, to have coronary heart disease (CHD) 
than non-diabetics.'> The annual cardiac event rate for 
untreated patients is 2.5% and even treated patients have 
more aggressive coronary disease and experience worse 
outcomes at any stage of the disease.” Some patients may 
have significant CHD causing myocardial ischaemia and 
even suffer myocardial infarction without typical symp- 
toms. This may result from autonomic neuropathy,” but 
such ‘silent ischaemia’ is unlikely to occur without the co- 
existence of multiple risk factors. However, even selective 
screening targeted at patients with specific multiple risk 
factors has been discouraged because there is no evidence to 
support intervention (in the form of angioplasty or surgery) 
for asymptomatic diabetic patients.” What is the anaes- 
thetist to do when presented with an asymptomatic diabetic 
patient who has some or all of the other risk factors such as 
advanced age, smoking, hyperlipidaemia and hypertension? 
Perioperative management of such a patient may be altered 
if it is known that there is a likelihood of myocardial 
ischaemia even if intervention by coronary artery bypass 
grafting or angioplasty (although perhaps not coronary 
stenting) carries an unacceptable risk:benefit ratio.®! 
Asymptomatic type 1 diabetics with severe nephropathy 
scheduled for renal transplantation have been shown to 
benefit from preoperative screening and appropriate coron- 
ary revascularization.® A similar strategy may well be 
appropriate for high-risk diabetics, particularly those with 
‘metabolic syndrome’, about to undergo major, elective 
non-cardiac surgery. 

Diabetic patients have a worse outcome after coronary 
artery bypass surgery”® and tend to stay in hospital longer. 
They are more likely to develop postoperative renal 
failure’? and suffer delayed stroke.*° Deep sternal wound 
infection rates are also higher than in the non-diabetic 
population, '*° but the incidence may be reduced by 
improving diabetic control with continuous insulin infu- 
sions.” Mortality following coronary artery bypass surgery 
in diabetics is generally reported as significantly greater 
than that in non-diabetics.'° 


McAnulty et al. 


Diabetic nephropathy 

In most countries, the leading causes of end-stage renal 
failure are hypertension and diabetes mellitus. In the USA, 
30-40% of patients with type 1 diabetes will develop 
diabetic nephropathy and end-stage renal failure.” There is 
now substantial evidence that angiotensin-converting en- 
zyme (ACE) inhibitors have a renal protective effect in 
patients with type 1 diabetes.°' This may also be the case in 
type 2 diabetes, but the evidence is less convincing. No 
agent has been shown to be renoprotective in the 
perioperative period and some of the traditional drugs 
used for this purpose may be harmful.” ' Ensuring 
adequate renal perfusion by expanding the extracellular 
space (salt loading) or, more specifically, the intravascular 
space with appropriate haemodynamic monitoring may 
reduce the risk of postoperative renal dysfunction. 
Hydration with 0.45% sodium chloride solution alone 
provides better protection against radiocontrast medium- 
induced renal failure in at-risk subjects than saline with the 
addition of furosemide or mannitol. °? 


Autonomic neuropathy 


Diabetic patients frequently develop neuropathy, most 
commonly a distal symmetrical sensory or sensorimotor 
polyneuropathy with a variable degree of autonomic 
involvement.’ Autonomic dysfunction, which is of par- 
ticular importance to the anaesthetist, is detectable in up to 
40% of type 17! and 17% of type 2 diabetic patients.” Only 
a small proportion of these patients are symptomatic, with 
signs and symptoms such as gastroparesis, postural 
hypotension, gustatory sweating, diabetic diarrhoea and 
bladder paresis. '*" Many pathogenic mechanisms have been 
suggested for diabetic autonomic neuropathy, including 
local ischaemia,! 12 tissue accumulation of sorbitol,” altered 
function of neuronal Na*/K*-ATPase pump activity!” and 
immunologically mediated damage.”! 

The cardiovascular effects of insulin are paradoxical in 
autonomic neuropathy patients. In normal subjects, i.v. or 
s.c. insulin administration activates the sympathetic nervous 
system, causing an increase ın circulating norepinephrine, 
supine arterial pressure and peripheral vascular resistance.** 
At the supraphysiological concentrations often used in the 
treatment of diabetes, vasodilation occurs with decreased 
peripheral vascular resistance and increased flow.’ These 
observations suggest that insulin has dual effects, namely a 
vasoconstrictor effect mediated by the sympathetic nervous 
system at low insulin concentrations, and a vasodilator 
effect, perhaps mediated by nitric oxide release at higher 
concentrations. In patients with autonomic neuropathy, 
insulin causes a decrease in supine arterial pressure and 
exacerbates postural hypotension. 

Detection of autonomic neuropathy in patients without 
symptoms has relied on methods such as assessment of heart 
rate variability (ARV).!% In diabetic autonomic neuro- 
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pathy, there is loss of HRV. The severe impairment of HRV 
in patients with end-stage diabetic nephropathy probably 
results from autonomic neuropathy and partly from co- 
existing heart disease.” The loss of HRV may be a 
contributory risk factor for ventricular arrhythmias and 
sudden death in these patients.” The presence of autonomic 
dysfunction in diabetics undergoing coronary artery surgery 
is not, however, automatically associated with haemody- 
namic instability during induction and the cardiovascular 
responses in non-diabetic and diabetic patients were very 
similar.*4 

Diabetic gastroparesis is characterized by a delay in 
gastric emptying without any gastric outlet obstruction." 
The increased amount of gastric contents enhances the risk 
of acid aspiration during the induction of anaesthesia.*? 
These patients are often asymptomatic and unpredictable 
difficulties in tracheal intubation increase even further the 
risk of aspiration.®* Studies have shown little effect of pro- 
kinetic agents, such as cisapride, in reducing the volume of 
gastric contents in diabetics.®° 

Postoperative respiratory arrest seems to be more com- 
mon in diabetic patients. Acute, unexpected respiratory 
problems in the recovery room are more common in men, in 
those aged >60 years, and in obese or diabetic patients.” 


Wound healing and infection 


It has long been recognized that wound healing is impaired 
in diabetic patients.” “ This observation has been repeated 
in animal models where it has been shown that pre- and 
postoperative glycaemic control with insulin, not post- 
operative alone, can restore normal anastomotic healing. "5 
Recent work suggests that better glycaemic control with 
insulin infusions may reduce the incidence of deep sternal 
wound infections in diabetic patients who have undergone 
cardiac surgery.” This observation is supported by a study 
demonstrating better preservation of neutrophil function 
with ‘aggressive’ glycaemic control using an insulin 
infusion, compared with intermittent therapy, in diabetic 
cardiac surgical patients. Interestingly, high-dose insulin 
and glucose infusions, aimed at maintaining supranormal 
plasma insulin concentrations and euglycaemia in non- 
diabetic burns patents, significantly decreased donor-site 
healing time after skin grafting. 


Conclusion 


It is well known that diabetic patients are at greater risk of 
perioperative mortality and morbidity after major surgery 
and have a higher incidence of co-existing disease. Over 
recent years evidence has accumulated that improving 
glycaemic control in both the short and long term improves 
outcome. Attention to detail in the day-to-day management 
of the disease itself and associated conditions, such as 
hypertension, reduces the devastating consequences of 
microvascular and macrovascular complications. In add- 
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ition, a more aggressive approach to glycaemic control in 
the perioperative period results in better wound healing, 
lower morbidity and shorter hospital stays. Gone are the 
days when anaesthetists could tolerate ‘permissive hyper- 
glycaemia’ with the idea that this approach was in the 
patient’s best interest. Tight metabolic control in the 
perioperative period is imperative and 1s a goal which is 
attainable in most patients. 
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The prevalence of significant obesity continues to rise in 
both developed and developing countries, and is associated 
with an increased incidence of a wide spectrum of medical 
and surgical pathologies% (Table 1). As a result, the 
anaesthetist can expect to be presented frequently with 
obese patients in the operating theatre, intensive care unit or 
resuscitation room. These patients may provide the anaes- 
thetist with a considerable challenge, A thorough under- 
standing of the pathophysiology and specific complications 
associated with the condition should allow more effective 
and safer treatment for this unique group of patients. 


Definitions 

Obesity is a condition of excessive body fat. The name is 
derived from the Latin word obesus, which means fattened 
by eating.©? The difference between normality and obesity is 
arbitrary, but an individual must be considered obese when 
the amount of fat tissue is increased to such an extent that 
physical and mental health are affected and life expectancy 
reduced,!”* Examples of body fat contents in adults from 
Western societies are 20-30% for the average female, 18- 
25% for the average male, 10-12% for a professional soccer 
player and 7% for a marathon runner.!”! 

Accurate measurement of body fat content is difficult and 
requires sophisticated techniques such as computed tomo- 
graphy (CT) scanning or magnetic resonance imaging. 
Useful estimates, however, can be obtained by evaluating 
weight for a given height and then comparing that figure 
with an ideal weight. The concept of ideal body weight 
(IBW) originates from life insurance studies which describe 
the weight associated with the lowest mortality rate for a 
given height and gender; for general clinical purposes, IBW 
can be estimated from the formula IBW (in kg) = height 
(in cm) — x, where x 1s 100 for adult males and 105 for adult 
females. 

The body mass index (BMD is a more robust measure of 
the relationship between height and weight, and is widely 
used in clinical and epidemiological studies. It is calculated 
as follows: 


BMI = body weight (in kg)/height* (in metres) 


A BMI of <25 kg m” is considered normal; a person with a 
BMI of 25-30 kg m”? is considered overweight but at low 
risk of serious medical complications, while those with a 
BMI of >30, >35 and >55 kg m” are considered obese, 
morbidly obese and super-morbidly obese, respectively.” 
Morbidity and mortality rise sharply when the BMI is >30 kg 
me Although it is a very robust and practical assessment 
of obesity, the BMI does have its limitations. For instance, 
heavily muscled individuals would be classified as over- 
weight It is now thought that other factors, such as young 
age and the pattern of adipose tissue distribution, may be 
better predictors of health risk. 


Epidemiology 

There is overwhelming evidence that the prevalence of 
obesity is increasing worldwide. In 1997, an International 
Obesity Task Force summarized information on the epi- 
demiology of obesity.*> Defining obesity as a BMI of >30 
kg m™, they concluded that the prevalence of obesity was 
15~20% in Europe with wide regional variations In the UK 
over the period 1980-1991 the prevalence of obesity had 
increased from 6% to 13% in men and from 8% to 15% in 
women, meaning that the average UK body weight had risen 
by approximately 1 kg over that 10 yr period. The picture 
was better for Scandinavia and the Netherlands (10%) but 
worse for Eastern Europe (up to 50% among women in 
some countries). The health and economic implications are 
considerable, since countries such as France, Germany and 
the UK will each have approximately 10 million obese 
inhabitants.’ The situation in the USA is even worse, with 
the prevalence of a BMI of >25 kg m° being 59.4% for 
men, 50.7% for women and 54.9% for adults overall.’° 
Furthermore, for the period 1960-1994, the prevalence of 
obesity (BMI of >30 kg m°) has increased markedly from 
12.8% to 22.5%. 

The prevalence of obesity varies with socioeconomic 
status. In developed countries, poverty is associated with a 
greater prevalence of obesity whereas in developing areas it 
is affluence that carries the higher risk.“ 
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Table 1 Medical and surgical conditions associated with obesity 


Category 





Examples 


Cardiovascular disease 





Sudden (cardiac) death; obesity cardiomyopathy, hypertension, 1schaemic heart disease; hyperlipidaemia; 


cor pulmonale, cerebrovascular disease, peripheral vascular disease. varicose veins, deep-vein thrombosis and pulmonary embolism 


Respiratory disease 


Restrictive lung disease; obstructive sleep apnoea; obesity hypovenulatuion syndrome 


Endocrine disease Diabetes mellitus, Cushing’s disease, hypothyroidism, infertility 
Gastrointestinal disease Hiatus hernia; gallstones, inguinal hernia 

Genitourinary Menstrual abnormalities, female urinary incontinence; renal calculi 
Malignancy Breast, prostate, colorectal, cervical and endometrial cancer 
Musculoskeletal Osteoarthritis of weight-beanng joints, back pam 

Mortality 


There is little evidence to suggest that being moderately 
overweight (actual body weight 110-120% of IBW) carries 
much excess risk in young adults,!*? but morbidity and 
mortality rise sharply when BMI is >30 kg m°, particularly 
with concomitant cigarette smoking. The risk of premature 
death doubles in individuals with a BMI of >35 kg m7.” 
Sudden unexplained death is 13 times more likely in 
morbidly obese women than in their non-obese counter- 
parts.°° '°© Overweight men participating in the 
Framingham study®” had a mortality rate 3.9 times greater 
than the normal weight group. Morbidly obese individuals 
are at a much greater risk of mortality from diabetes, 
cardiorespiratory®? and cerebrovascular disorders, and 
certain forms of cancer,”°as well as a host of other 
diseases” ‘°° (Table 1). These risks are proportional to 
the duration of obesity;’”! it appears that continued weight 
gain constitutes a higher risk than for obese individuals 
whose weight is constant. For a given level of obesity, men 
are at a higher risk than women,!” but for both groups 
weight loss reduces the risk associated with previous 
obesity. Despite this, weight reduction immediately before 
surgery has not been shown to reduce perioperative 
morbidity and mortality.” 1? 


Aetiology 


Obesity is a complex and multifactorial disease! but, in 
simple terms, occurs when net energy intake exceeds net 
energy expenditure over a prolonged period of time. 
However, it is not always easy to identify a single 
explanation as to why this occurs in some individuals and 
not others. The following observations provide some clues: 


Genetic predisposition 

Obesity tends to be familial, with children of two obese 
parents having about a 70% chance of becoming obese 
themselves as compared with a 20% risk for children of non- 
obese parents. This can, in part, be explained by influences 
such as diet and lifestyle, but studies of adopted children 
show weight patterns similar to those of their natural 
parents, suggesting that a genetic component does exist. 
Animal studies have confirmed that there is a’ genetic 


Lung volume 





Fig 1 Schematic representation of the effects of severe obesity on 
functional residual capacity (FRC). Under normal circumstances the FRC 
(and therefore the tidal excursion) 1s clear of the closing volume of the 
lungs. Both anaesthesia and obesity are associated with a reduction in 
FRC, resulting in arway closure and ventilation/perfusion mismatching 
dunng normal tidal ventilation. 


contribution to obesity. In 1994 the ob gene was identified in 
mice and was shown to control the production of the protein 
leptin.” 17! Genetically obese ob/ob mice produce insuffi- 
cient leptin and tend to overeat, leading to obesity. 
Exogenous leptin reverses hyperphagia and induces weight 
loss. Clinical studies, however, suggest that only very rarely 
can such simple genetic defects in leptin production account 
for significant obesity.** In fact, most obese individuals 
have elevated leptin concentrations, probably a conse- 
quence of increased amounts of the source tissue, fat. 
Furthermcre, the rapid increase in the prevalence of obesity 
over the last 30 years and the fact that the gene pool has 
remained relatively constant suggest that environmental 
issues are much more important determinants. 


Ethnic influences 


In the USA there are marked differences in the prevalence 
of obesity in the different ethnic populations, with African 
and Mexican Americans being at much higher risk than 
white Americans. Asian immigrants to the UK have a more 
central distribution of fat than native Caucasians; this is 
associated with an increased risk of diabetes and coronary 
heart disease.” 


Obesity 


Socioeconomic factors'*” 


In the UK there is an inverse relationship between 
socioeconomic status and the prevalence of obesity, with 
women of social class I having a 10% risk as compared with 
25% in social class V. Of women who move to a higher 
social class on marriage, only 12% were overweight as 
compared with 22% who moved to a lower social class. 


Medical disorders 


Endocrine abnormalities such as Cushing’s disease or 
hypothyroidism predispose to obesity. Patients with such 
diseases are usually identified quickly from symptoms other 
than obesity, and appropriate medical therapy normally 
corrects the problem. In the same way, certain drugs—such 
as corticosteroids, antidepressants and antihistamines—may 
also lead to weight gain. 


Energy balance 


The total number of calories consumed and, particularly, the 
dietary fat content, is the prime determinant of obesity (the 
proportion of fat in the UK diet has increased from 20% to 
40% over the last 50 years). Alcohol appears to play a key 
role too, and may influence the site of fat deposition, 
encouraging central fat to be laid down. 

Contrary to popular belief, obese people have a greater 
energy expenditure than thin people as it takes more energy 
to maintain their increased body size. Inactivity is usually 
the result, but not necessarily the cause, of the obesity. 
However, it has been shown that individuals who remain 
active in their adult life do best at maintaining healthy 
weight levels. 

While an imbalance between energy intake and energy 
expenditure is typical of obesity, the daily net calorie excess 
may be quite modest. For instance, a typical weight gain of 
20 kg over 10 years implies an initial daily energy excess of 
30-40 kcal, the equivalent of less than half a sandwich.” 


Distribution of body fat and health risk 


It is now becoming clear that it is not only the amount of fat 
that is important in determining risk, but also its anatomical 
distribution.** 5 13! In the central or android type of 
distribution, which is more common in males, fat is 
predominantly distributed in the upper body and may be 
associated with increased deposits of intra-abdominal or 
visceral fat. In the peripheral or gynaecoid type, fat is more 
typically distributed around the hips, buttocks or thighs; this 
is the more usual female pattern of distribution.” Central 
adipose tissue is metabolically more active than fat in the 
peripheral distribution and is associated with more meta- 
bolic complications such as dyslipidaemias, glucose intoler- 
ance and diabetes mellitus, and a higher incidence of 
mortality from ischaemic heart disease.” * 15! Morbidly 
obese patients with a high proportion of visceral fat are also 
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at a greater risk from cardiovascular disease, left ventricular 
dysfunction and stroke.'*° The mechanism for this increased 
risk with intra-abdominal fat is not known, but one widely 
held theory implicates the products of the breakdown of 
visceral fat being delivered directly into the portal circula- 
tion and thereby inducing a significant secondary metabolic 
imbalance.!*) Although the practical assessment of fat 
distribution requires sophisticated imaging techniques, the 
ratio of waist to hip circumference is a useful clinical 
measure. In European descendants a waist:hip ratio of >1.0 
in men and >0.85 in women would tend to suggest a higher 
proportion of more centrally distributed fat.’ 


Obesity and the respiratory system 


Obstructive sleep apnoea 


Approximately 5% of morbidly obese patients will have 
obstructive sleep apnoea OSA, which is characterized by the 
following features:1° °° 121 169 

(i) Frequent episodes of apnoea or hypopnoea during 
sleep. '®! An obstructive apnoeic episode is defined as 
10 s or more of total cessation of airflow despite 
continuous respiratory effort against a closed airway. 
Hypopnoea is defined as 50% reduction in airflow or a 
reduction sufficient to lead to a 4% decrease in arterial 
oxygen saturation.©! 1?! The number of episodes 
thought to be clinically significant is often quoted as 
five or more per hour or >30 per night. The exact 
numbers are rather arbitrary and it is obviously the 
clinical sequelae, such as hypoxia, hypercapnia, 
. systemic and pulmonary hypertension and cardiac 
arrhythmias, that are more important. 

Snoring. This usually gets louder as the airway 
obstructs, followed by silence, as airflow ceases, and 
then gasping or choking, as the person rouses and 
airway patency is restored. 

Daytime symptoms: repeated episodes of fragmented 
sleep throughout the night causes daytime sleepiness, 
which is associated with impaired concentration, 
memory problems and road traffic accidents.’** The 
patient may also complain of morning headaches 
caused by nocturnal carbon dioxide retention and 
cerebral vasodilation. 

Physiological changes. Recurrent apnoea leads to 
hypoxaemia, hypercapnia and pulmonary and systemic 
vasoconstriction. Recurrent hypoxaemia leads to sec- 
ondary polycythaemia and is associated with an 
increased risk of ischaemic heart disease and cerebro- 
vascular disease, while hypoxic pulmonary vasocon- 
striction leads to right ventricular failure.'°! °° 


Gi) 


(iii) 


(iv) 


Pathogenesis 

Apnoea occurs when the pharyngeal airway collapses 
during sleep. Pharyngeal patency depends on the action of 
dilator muscles which prevent upper airway closure. This 
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muscle tone is lost during sleep and, in many individuals, 
this leads to significant narrowing of the airway, causing 
turbulent airflow and snoring.*! Increased inspiratory effort 
and the response to hypoxia and hypercapnia lead to arousal 
which, in turn, restores upper airway tone.°! '°! The patient 
then gasps, takes a few breaths and falls asleep again; the 
cycle then restarts. Total occlusion can occur if the airway is 
narrowed further, such as by enlarged pharyngeal soft 
tissues or by a further reduction in muscle tone by drugs or 
alcohol.!?° 


Risk factors 

The main predisposing factors are male gender, middle age 
and obesity, with other factors such as evening alcohol 
or night sedation compounding the problem." Other 
features that help to identify significant OSA are a BMI 
of >30 kg m°, hypertension, observed episodes of apnoea 
during sleep, collar size >16.5, polycythaemia, hypoxaemia/ 
hypercapnia and right ventricular hypertrophy or impair- 
ment on electrocardiography and echocardiography. ! 
Definitive diagnosis is made by polysomnography in a 
sleep laboratory. 


Obesity hypoventilation syndrome 


The acid-base disturbance of OSA, i.e. respiratory acidosis, 
is initially limited to sleep, with a return to homeostasis 
during the day. However, a long-term consequence of OSA 
is an alteration in the control of breathing, the characteristic 
feature of which is central apnoeic events, that is, episodes 
of apnoea without respiratory effort. Such episodes, which 
are associated with a progressive desensitization of the 
respiratory centres to (nocturnal) hypercapnia, are initially 
limited to sleep, but eventually lead to type II respiratory 
failure with an increasing reliance on hypoxic drive for 
ventilation.!? At its worst, such obesity hypoventilation 
culminates in Pickwickian syndrome, which is character- 
ized by obesity, hypersomnolence, hypoxia, hypercapnia, 
right ventricular failure and polycythaemia.*” 


Airway assessment 


A careful and detailed assessment of the morbidly obese 
patient’s upper airway is required before they are anaes- 
thetized. Difficulties with mask ventilation and tracheal 
intubation may be considerable,*®” !!? with the incidence of 
difficult intubation being quoted at around 13%.“ These 
problems are caused by features such as fat face and cheeks, 
large breasts, short neck, large tongue, excessive palatal and 
pharyngeal soft tissue, high and anterior larynx, restricted 
mouth opening and limitation of cervical spine and atlanto- 
occipital flexion and extension.*° } 

Preoperative evaluation of the airway must include: (i) 
assessment of head and neck flexion, extension and lateral 
rotation; (ii) assessment of jaw mobility and mouth opening; 
(1it) inspection of oropharnyx and dentition; (iv) checking 
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the patency of the nostrils; (v) inspection of previous 
anaesthetic charts and questioning the patient about previous 
difficulties, especially any episodes of upper airway 
obstruction associated with anaesthesia or surgery (one 
should always bear in mind that previous records of 
uneventful anaesthetics may no longer be relevant and 
new changes, such as further weight gain, pregnancy, head 
and neck radiotherapy or development of signs and symp- 
toms of upper airway obstruction, must be sought); (vi) a 
systemic enquiry into features suggestive of obstructive 
sleep apnoea syndrome, such as excessive snoring with or 
without episodes of apnoea and daytime hypersomnolence. 
These imply potential airway obstruction once the patient 
has been rendered unconscious. These patients are particu- 
larly likely to present considerable airway difficulties. 

Further imaging of the airway with soft tissue X-rays and 
CT scans along with consultation with an otolaryngologist 
for direct or indirect laryngoscopy may provide useful 
information about the airway if time is available preopera- 
tively. If difficult intubation is envisaged, then an awake 
fibreoptic intubation should be considered and discussed 
with the patient. 


Obesity and gas exchange 


Mass loading of the thoracic and abdominal components of 
the chest wall in supine, awake obese subjects causes 
abnormalities of both lung volumes and gas exchange. The 
well recognized harmful effects of anaesthesia add signifi- 
cantly to the derangement of gas exchange, thereby 
explaining the problem in gas exchange commonly encoun- 
tered when anaesthetizing obese patients. 


Lung volume 

Morbid obesity is associated with reductions in functional 
residual capacity (FRC), expiratory reserve volume (ERV) 
and total lung capacity,” 135 with FRC declining exponen- 
tially with increasing BMI.** These changes have been 
attributed to mass loading and splinting of the diaphragm. 
FRC may be reduced in the upright obese patient to the 
extent that it falls within the range of the closing capacity 
with subsequent small airway closure,®? ventilation— 
perfusion mismatch, right-to-left shunting and arterial 
hypoxaemia.’® 56 135 158 Anaesthesia compounds these 
problems, such that a 50% reduction in observed FRC 
occurs in the obese anaesthetized patient, as compared with 
a 20% fall in anaesthetized non-obese subjects** (Fig.1). 
Söderberg and colleagues'** found an intrapulmonary shunt 
of 10-25% in anaesthetized obese subjects and 2-5% in lean 
individuals. FRC can be increased by ventilating with large 
tidal volumes (e.g. 15-20 ml kg!) although this has been 
shown to improve arterial oxygen tension only minimally.” 
In contrast, the addition of positive end-expiratory pressure 
(PEEP) achieves an improvement in both FRC and arterial 
oxygen tension but only at the expense of cardiac output and 
oxygen delivery.'”! 1?” 139 Santesson detailed these perio- 
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Table 2 Penoperative changes in oxygenation, and the mfluence of PEEP ın patients undergoing banatric surgery (from reference 139) IPPV = intermittent 
positive pressure ventilation, PEEP = positive end expiratory pressure, DO, = oxygen delivery, Qr = cardiac output, Qs/Q7 = stunt fraction, P(A-a)O2 = 


alveolar arterial oxygen difference 








Pag, (kPa) Paco, (kPa) P(A — ajo, (kPa) Qr (litres min) OslQr (%) Do, (l min“) 
Preoperative, ar 109411 46403 35411 73411 1044 1346+222 
IPPV, zero PEEP, Fio,=0 5 140427 45405 28 4426 55411 2145 1039+239 
IPPV, 10 cm H,O PEEP, Fio=0 5 15 8430 45403 26 743.0 5240.9 1743 9964210 
IPPV, 15 cm H,O PEEP, Fig=05 215472 43403 212471 4440.6 1344 862+170 





perative changes in oxygenation in patients undergoing 
bariatric surgery’? (Table 2). A modest defect in gas 
exchange and increased shunt fraction preoperatively 
deteriorate dramatically following induction of anaesthesia 
and intubation. The addition of PEEP improves oxygenation 
but leads to reductions in cardiac output and oxygen 
delivery. 

The reduction in FRC impairs the capacity of the obese 
patient to tolerate periods of apnoea. Obese individuals 
desaturate rapidly after induction of anaesthesia despite pre- 
oxygenation. This is a result of having a smaller oxygen 
reservoir in their reduced FRC and an increase in oxygen 
consumption. 

Usually FRC is reduced as a consequence of a 
reduction in ERV with residual volume (RV) remaining 
within normal limits. However, ın some obese 
patients RV is increased suggesting gas trapping and 
co-existing obstructive airways disease. Forced expira- 
tory volume in 1 s and forced vital capacity are usually 
within the predicted range, but 6-7% improvements 
have been demonstrated after weight loss.®! 


Oxygen consumption and carbon dioxide production 

Oxygen consumption and carbon dioxide production are 
increased in the obese as a result of the metabolic activity of 
the excess fat and the increased workload on supportive 
tissues.'!3 195 Basal metabolic activity as related to body 
surface area is usually within normal limits. Normocapnia is 
maintained usually by an increase 1n the minute ventilation, 
which in turn leads to an increased oxygen cost of 
breathing.” However, most obese patients retain the normal 
response to hypoxaemia and hypercapnia. In exercise, 
oxygen consumption rises more sharply than in non-obese 
subjects, which implies respiratory muscle inefficiency.'?! 


Gas exchange 

Morbidly obese individuals usually have only a modest 
defect in gas exchange preoperatively with a reduction in 
Pao,” and increases ın alveolar-to-arterial oxygen differ- 
ence and shunt fraction. These deteriorate markedly on 
mduction of anaesthesia and high inspired fractions of 
oxygen are required to maintain adequate arterial oxygen 
tensions. As previously stated, PEEP improves the Pao, but 
only at the expense of cardiac output and oxygen 
delivery.'°° 
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Lung compliance and resistance 

Increasing BMI is associated with an exponential decline in 
respiratory compliance; im severe cases, total compliance 
can fall to 30% of predicted normal.!?? Although accumu- - 
lation of fat tissue in and around the chest wall leads to a 
modest reduction in chest wal! compliance, recent work 
suggests that the decrease ın total compliance is principally 
a consequence of a decrease in lung compliance, this in turn 
being the result of an increased pulmonary blood 
volume.'*? '*8 Reduced compliance is associated with a 
decrease in the FRC, encroachment on the closing volume 
and impairment of gas exchange.'** '™ Significant obesity 
is also associated with an increase ın total respiratory 
resistance; once again this is largely a result of an increase in 
lung resistance.!* 17° This derangement of lung compli- 
ance and resistance results in a shallow and rapid pattern of 
breathing, increases the work of breathing and limits the 
maximum ventilatory capacity. As might be anticipated, 
these changes are even more marked upon assumption of the 
supine position. 


Respiratory efficiency and work of breathing 

As implied in the previous section, the combination of 
increased mechanical pressure from the abdomen, reduction 
in pulmonary compliance and increase in the metabolic 
demands of the respiratory musculature result in respiratory 
muscle inefficiency and an icrease in the work of 
breathing. In normocapnic’ obese individuals at rest, this 
may be reflected in a modest 30% increase in the work of 
breathing, although such respiratory muscle inefficiency 
may limit the maximum ventilatory capacity and lead to 
relative hypoventilation at times of high metabolic activity. 
In the obese individual with established daytime hypoven- 
tilation syndrome, work of breathing may approach four 
times that predicted. 


Implications for anaesthesia 

Preoperative assessment should include full blood count (to 
exclude polycythaemia), chest X-ray, supine and upright 
arterial blood gases, lung function tests and overnight 
oximetry. Patients with symptoms of significant OSA 
should be considered for polysomnography and may benefit 
preoperatively from measures designed to combat nocturnal 
airway obstruction, such as nocturnal nasal continuous 
positive airway pressure (CPAP) or bilevel-positive airway 
pressure (BIPAP).’*! The anaesthetist should also assess the 
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patient’s ability to breathe deeply and should check that the 
nostrils are patent. Specific risks should be explained to the 
patient, and the possibilities of awake intubation, post- 
operative ventilation and even tracheostomy discussed.*? 

Tracheal intubation and positive pressure ventilation are 
mandatory in the morbidly obese patient. The choice 
between awake and asleep intubation is difficult, and 
depends upon the anticipated difficulties in a particular 
patient along with the experience of the anaesthetist.“ 
Some authors recommend awake intubation when actual 
body weight is >175% of IBW.*? Significant OSA symp- 
toms indicate altered upper airway morphology and make 
control of bag and mask airway more difficult; some 
authorities would, therefore, advocate awake intubation in 
these patients. Another approach is gently to attempt direct 
lamgoscopy after anaesthetizing the pharnyx with local 
anaesthetic; 1f the laryngeal structures cannot be visualized, 
then awake fibreoptic intubation is the safest course of 
action. Blind nasal intubation has been advocated by some, 
but should be avoided by all but those very skilled in the 
technique, as epistaxis and subsequent deterioration in 
intubating conditions are very real possibilities. 

Induction of anaesthesia is likely to be a particularly 
hazardous time for the patient with an increased risk of 
difficult -or failed intubation." 156 !7 Bag and mask 
ventilation is likely to be difficult because of upper airway 
obstruction and reduced pulmonary compliance. Gastric 
insufflation during ineffective mask ventilation will further 
increase the risk of regurgitation and aspiration of stomach 
contents. 

Apart from awake fibreoptic intubation, the safest 
technique is a rapid sequence induction using succinylcho- 
line following a period of adequate preoxygenation. It is 
essential to have skilled anaesthetic agsistance together with 
adequate numbers of staff in order to turn the patient should 
the need arise. A full range of aids for a difficult intubation 
should be available, and should include short-handled, polio 
blade and McCoy laryngoscopes, a gum elastic bougie and 
standard and intubating laryngeal mask airways. Equipment 
for cricothyroidotomy and transtracheal ventilation should 
also be available. Correct position of the tracheal tube must 
be confirmed by both auscultation and capnography. It 1s 
highly desirable to have the services of another experienced 
anaesthetist throughout the induction period rather than 
having to wait for assistance if difficulty is encountered. 

Periods of hypoxaemia and hypercapnia may increase 
pulmonary vascular resistance and precipitate right heart 
failure. Obese patients should not be allowed to breathe 
spontaneously under anaesthesia, as hypoventilation is 
likely to occur, with consequent hypoxia and hypercapnia. 
Further respiratory embarrassment will occur if the patient 
is placed in the lithotomy or Trendelenburg position and 
these should be avoided if at all possible.'?! 18 The obese 
patient will require mechanical ventilation with high 
inspired oxygen fractions, possibly with the addition of 
PEEP to maintain an adequate arterial oxygen tension; a 
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ventilator of sufficient power and sophistication is, there- 
fore, required. End-tidal capnography is a poor guide to 
adequacy of ventilation in the obese patient because of the 
alveolar-to-arterial difference in carbon dioxide in these 
patients. Instead, serial arterial blood gas analysis should be 
used to assess adequacy of minute ventilation. 

Pulmonary complications are more common in obese 
patients, '25 48 156 but BMI and preoperative lung function 
tests are not accurate predictors of postoperative prob- 
lems. ‘4? Obese patients may be more sensitive to the effects 
of sedative drugs, opioid analgesics and anaesthetic drugs, 
so they may benefit from a period of postoperative 
ventilation to allow safe elimination of residual anaesthetic 
or sedative agents. Although technically challenging, 
regional anaesthetic techniques, such as peripheral nerve 
and thoracolumbar epidural blockade, may help to attenuate 
many of these problems. !*4 Postoperative ventilation is 
more likely to be required in obese patients who have 
coexisting cardiorespiratory disease or carbon dioxide 
retention and in those who have undergone prolonged 
procedures or who have developed pyrexia after the 
operation.>” 

The trachea should only be extubated when the patient is 
fully awake and transferred to the recovery room sitting up 
at 45°. Humidified supplemental oxygen should be 
administered immediately, and chest physiotherapy com- 
menced soon after the operation. Some obese patients, 
particularly those with a history of OSA, may benefit from 
nocturnal nasal CPAP. Episodes of OSA are most frequent 
during rapid eye movement (REM) sleep, the extent of 
which is relatively low in the initial postoperative period, 
but in excess on the third to fifth postoperative nights. 1”! 
The hazards of OSA may, therefore, be at their worst some 
days after surgery; this has obvious implications for the 
duration of postoperative oximetry and oxygen therapy. 


Obesity and the cardiovascular system 


Cardiovascular disease dominates the morbidity and mor- 
tality in obesity and manifests itself in the form of ischaemic 
heart disease, hypertension and cardiac failure. A recent 
Scottish health survey found the prevalence of any 
cardiovascular disease was 37% in adults with a BMI of 
>30 kg m™, 21% in those with a BMI of 25-30 kg m” and 
only 10% in those with a BMI of <25 kg m™.!") All 
morbidly obese patients presenting for anaesthesia should 
te investigated extensively for cardiovascular complica- 
tions preoperatively and certain patients should be referred 
to a cardiologist for further optimization. 


Cardiovascular derangement 


Hypertension 
Mild to moderate hypertension is seen in 50-60% of obese 
patients and severe hypertension in 510%,’ with a 3-4 mm 
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Hg increase in systolic and a 2 mm Hg increase in diastolic 
arterial pressure for every 10 kg of weight gained.” An 
expansion of the extracellular volume, resulting in 
hypervolaemia, and an increase in cardiac output are 
characteristic of obesity-induced hypertension. The exact 
mechanism for hypertension in the obese is not known, and 
probably represents an interaction between genetic, hormo- 
nal, renal and haemodynamic factors. Hyperinsulinaemia, 
which is characteristic of obesity, can contribute by 
activating the sympathetic nervous system and by causing 
sodium retention. In addition, insulin resistance may be 
responsible for the enhancement in pressor activity of 
norepinephrine and angiotensin II.'!° 

Hypertension per se leads to concentric left ventricular 
hypertrophy and a progressively non-compliant left ven- 
tricle which, when added to the increased blood volume, 
increases the risk of cardiac failure.'?~!* 16 121 


Weight loss has been shown to reduce hypertension in the 
obese,® 14 19 26 71 105 


Ischaemic heart disease 

It is now generally accepted that obesity is an independent 
risk factor for ischaemic heart disease® *° !°° and is more 
common in those obese individuals with a central distribu- 
tion of fat.!° Other factors such as hypertension, diabetes 
mellitus, hypercholesterolaemia and reduced high density 
lipoprotein levels, which are all common in the obese, will 
compound the problem. 116 Interestingly, 40% of obese 
patients with angina do not have demonstrable coronary 
artery disease;'’! in other words, angina may be a direct 
symptom of obesity. 


Blood volume 

Total blood volume is increased in the obese but on a 
volume/weight basis is less than that in non-obese individ- 
uals (50 ml kg! compared with 75 ml kg™),”? with most of 
this extra volume being distributed to the fat organ. 
Splanchnic blood flow is increased by 20% whereas renal 
and cerebral blood flow are normal.’ 


Cardiac arrhythmias 

Arrhythmias may be precipitated in the obese by a number 
of factors: hypoxia, hypercapnia, electrolyte disturbance 
caused by diuretic therapy, coronary artery disease, 
increased circulating catecholamine concentrations, OSA, 
myocardial hypertrophy and fatty infiltration of the con- 
duction system.?° 89 11° 142 154 


Cardiac function 

The morbidly obese individual is at risk of a specific form of 
obesity-induced cardiac dysfunction, although the belief 
that this is secondary to fatty infiltration of the heart (‘cor 
adiposum’) is no longer valid. '7 Autopsy studies have 
shown that, although increases in epicardial fat are common, 
fatty infiltration of the myocardium is uncommon and seems 
to affect mainly the right ventricle, the latter possibly being 


associated with conduction abnormalities and arrhyth- 
mias.!7 There is a linear relationship between cardiac 
weight and body weight up to 105 kg, after which cardiac 
weight continues to increase, but at a slower rate. 63 144 The 
increase in heart weight is a consequence of dilation and 
eccentric hypertrophy of the left and, to a lesser extent, the 
right ventricle.© ' 

Otherwise healthy obese individuals demonstrate an 
increased cardiac output, elevated left ventricular end- 
diastolic pressure (LVEDP) and left ventricular hypertrophy 
on echocardiography. Left ventricle systolic function is also 
impaired,* !* especially during exercise, when the ejection 
fraction rises to a lesser extent, and more slowly, than in 
lean individuals." '' &® 

The pathophysiology of obesity-induced cardiomyopathy 
is now well defined,'° © $?! Jargely as a result of studies in 
non-hypertensive individuals awaiting bariatric surgery (of 
some importance since the general morbidly obese popu- 
lation may be somewhat less fit then this preselected group). 
Figure 2 outlines the aetiology of obesity cardiomyopathy 
and its interaction with hypertension, ischaemic heart 
disease and respiratory disease. Obesity is associated with 
an increase in blood volume’ and cardiac output, '® the latter 
rising by 20-30 ml per kilogram of excess body fat. The 
increase in cardiac output is largely a result of ventricular 
dilation and an increase in stroke volume.’ ° The 
ventricular dilation results in increased left ventricle wall 
stress, leading to hypertrophy.’° Y "° Such eccentric left 
ventricular hypertrophy results in reduced compliance and 
left ventricular diastolic function, i.e. impairment of 
ventricular filling, leading to elevated LVEDP and pulmon- 
ary oedema.!° 13 16 29 5758 The capacity of the dilated 
ventricle to hypertrophy is limited so, when left ventricular 
wall thickening fails to keep pace with dilation, 
systolic dysfunction ensues (‘obesity cardiomyo- 
pathy’).’° 14 16 89 98 The problem is often compounded by 
superimposed hypertension and ischaemic heart disease. 
Ventricular hypertrophy and dysfunction worsen with 
increasing duration of obesity and improve to some extent 
with weight loss.° 8 1? 14 15 

The morbidly obese tolerate exercise badly! with any 
increase in cardiac output being achieved by increasing 
the heart rate, without an increase in stroke volume or 
ejection fraction. This is often accompanied by an 
increase in the filling pressures.” In the same way, 
changing position from sitting to supine is associated 
with significant increases in cardiac output, pulmonary 
capillary wedge pressure and mean pulmonary artery 
pressure, together with reductions in heart rate and 
peripheral resistance.” 


Clinical features 


Morbidly obese subjects often have very lumited mobility 
and may, therefore, appear to be asymptomatic even when 
they have significant cardiovascular disease. Symptoms 
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Fig 2 The aetiology of obesity cardiomyopathy, and its association with nght-sided heart failure, systemic hypertension and ischaemic heart disease. 


LV, left ventricular; RV, right ventricular 


such as angina or exertional dyspnoea may occur only very 
occasionally, but actually coincide with most periods of 
significant physical activity. Many individuals will prefer to 
sleep upright in a chair, and therefore deny the symptoms of 
orthopnoea and paroxysmal nocturnal dyspnoea. Asking the 
patient to walk the length of the ward may reveal a markedly 
reduced exercise tolerance, and assuming the supine 
position may produce significant orthopnoea and even 
cardiac arrest. 1> The patient should have a detailed and 
thorough cardiovascular examination, looking in particular 
for evidence of hypertension (with an appropriately sized 
blood pressure cuff) and cardiac failure. Signs of cardiac 
failure, such as raised jugular venous pressure, added heart 
sounds, pulmonary crackles, hepatomegaly and peripheral 
oedema, may all be difficult to elicit in the morbidly obese 
subject, and investigations are indicated. 


Investigations 


An electrocardiogram is mandatory preoperatively. It may 
be of low voltage because of the excess overlying tissue and 
as such might underestimate. the severity of ventricular 
hypertrophy. Axis deviation and atrial tachyarrhythmias are 
relatively common. Chest radiography may reveal cardio- 
megaly suggestive of cardiac failure, but is often normal. 
Echocardiography may be difficult, but can provide useful 
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information, with eccentric left ventricular hypertrophy 
suggesting significant obesity-induced changes even if 
ventricular function appears normal. Transoesophageal 
echocardiography may provide better images, especially 
of the left side of the heart, although is obviously more 
invasive. Testing of exercise tolerance is likely to be 
impossible if coronary artery disease is suspected. If time is 
available, the patient should be referred to a cardiologist for 
further investigation and optimization, such as control of 
blood pressure, treatment of heart failure or coronary 


angioplasty. 


Anaesthetic implications 


In the presence of respiratory disease, ventricular impair- 
ment is almost inevitable, but its severity may be under- 
estimated by clinical evaluation. Rapid weight gain 
preoperatively may indicate worsening cardiac failure, 
although weight gain once a person has been accepted for 
bariatric surgery is well recognized.” '*° Intraoperative 
ventricular failure may occur for a vanety of reasons, 
including rapid intravenous fluid administration (indicating 
left ventricular diastolic dysfunction), negative inotropy of 
anaesthetic agents or pulmonary hypertension precipitated 
by hypoxia or hypercapnia. The anaesthetist should always 
have a selection of inotropes and vasodilators to hand. 


Obesity 


Cardiac performance is likely to deteriorate following 
induction of anaesthesia and tracheal intubation in the obese 
patient.* In one study of obese individuals undergoing 
abdominal surgery, cardiac index fell by 17~33% after 
induction and intubation, compared with a fall of 4-11% in 
lean controls. This derangement persisted postoperatively, 
with the cardiac index 13-23% less than preoperative 
control values in the obese group, whereas in lean controls 
cardiac performance returned to normal.‘ 

An arterial line will allow accurate monitoring of arterial 
pressure and regular blood gas analysis. Central venous 
pressure monitoring is desirable as it allows some assess- 
ment of cardiac function and can be used for inotrope 
infusions in case of deteriorating cardiac performance.** 
Patients with documented cardiac failure may benefit from 
the use of a pulmonary artery flotation catheter. 


Practical considerations 


Premedication 

Opioid and sedative drugs may cause respiratory depression 
in the morbidly obese’*® and are probably best avoided, 
although one study failed to demonstrate an increased risk 
of oxyhaemoglobin desaturation with benzodiazepines.*! 
The intramuscular and subcutaneous routes should be 
avoided, since absorption is very unreliable. °° If 
awake fibreoptic intubation is being considered, then an 
antisialogogue may be appropriate. 

All morbidly obese patients should receive prophylaxis 
against acid aspiration even if they do not declare any 
symptoms of heartburn or reflux. 5 156 162 4 combination 
‘of an Hy blocker (e.g. ranitidine 150 mg orally) and a 
prokinetic (e.g. metoclopramide 10 mg orally) given 12 h 
and 2 h before surgery will reduce the risk of aspiration 
pneumonitis. Some anaesthetists also advocate giving 30 ml 
of 0.3 M citrate immediately before induction as an extra 
precaution. 

Most of the patient’s usual medications, such as 
cardiovascular drugs and steroids, should be continued as 
normal until the time of surgery, although it is recom- 
mended that angiotensin converting enzyme inhibitors be 
stopped on the day before surgery as their continuation can 
lead to profound hypotension during anaesthesia. 

If the patient is diabetic, a dextrose—insulin regimen will 
be. required for all but the shortest procedures. Insulin 
requirements are likely to increase postoperatively. Expert 
advice from a diabetologist may be helpful. 

Morbidly obese patients are more likely to be immobile 
postoperatively and are at increased risk of deep-vein 
thrombosis. Low-dose subcutaneous heparin should be 
given as prophylaxis and continued into the postoperative 
phase until the patient is fully mobile. Other antiembolic 
measures, such as pneumatic leggings or graded compres- 
sion stockings, should be used wherever possible but may be 
difficult to fit in larger patients. 
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This group of patients is also at increased risk of 
postoperative wound infection and may require prophylactic 
antibiotics. This should be discussed with the surgeon and 
also a microbiologist if appropriate. 


Positioning and transfer 

Most operating tables are designed for patients of up to 120- 
140 kg in weight. Exceeding this limit may put the patient 
and staff at risk. Specially designed tables may be required, 
or two normal tables may be placed side by side.” 

The patient should be anaesthetized on the operating table 
in the operating theatre to avoid unnecessary transfer from 
the anaesthetic room and the associated risks to both patient 
and staff. Once the patient is in position, particular care 
should be paid to protecting pressure areas, as the risk of 
pressure sores and neural injuries” is greater in the obese. 
Compression of the inferior vena cava must be avoided by 
left lateral tilt of the operating table or by placing a wedge 
under the patient. Some obese patients are best positioned ın 
the lateral decubitus position so as to reduce the amount of 
weight loading on the chest. 

Transfer of the obese patient around the hospital is 
probably best done on their own hospital bed, as normal 
theatre trolleys are likely to be inadequate for the purpose. 
Appropriate manpower should always be available when 
moving morbidly obese patients and local lifting policies 
should be adhered to. 


Intravenous access 

This may be a problem because of excessive subcutaneous 
tissue. Many anaesthetists would advocate establishing 
central venous access, but this in itself can be difficult. Use 
of portable ultrasound equipment may improve success. 


Monitoring 

Invasive arterial pressure monitoring has been advocated for 
all but the most minor procedures in the morbidly 
obese.“ 5? If a non-invasive cuff is to be used, it should 
be of an appropriate size, as standard cuffs will tend 
to over-estimate the arterial pressure. Pulse oximetry, 
electrocardiography, capnography and monitoring of 
neuromuscular block are all mandatory. Use of central 
venous and pulmonary artery flotation catheters should be 
considered in patients undergoing extensive surgery or those 
with serious cardiorespiratory disease. 


Regional anaesthesia 

The use of regional anaesthesia in the obese reduces the 
risks from difficult intubation and acid aspiration and also 
provides safer and more effective postoperative anal- 
gesia. For thoracic and abdominal procedures, most 
anaesthetists advocate the use of combined epidural and 
general anaesthesia. This has advantages over general 
anaesthesia alone, including reduced opioid and potent 
inhalational anaesthetic requirements,“ ” earlier tracheal 
extubation,” '°° reduced postoperative pulmonary compli- 
cations“ 7? and improved postoperative analgesia, allowing 
more rigorous physiotherapy and a better cough.'* 
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Regional anaesthesia in the obese can be technically 
challenging because of difficulties in identifying the usual 
bony landmarks. Epidural and spinal anaesthesia may be 
made easier by sitting the patient upright and by using 
longer needles.** Ultrasound has been successfully used in 
the obese to identify the epidural space and to guide the 
Tuohy needle into position. Some anaesthetists would 
advocate the siting of epidural catheters on the evening 
before surgery to save time the next day, and also to allow 
heparin prophylaxis to be given on the morning of surgery. 
In the same way, peripheral nerve blockade may be made 
easier and safer by the use of insulated needles and a nerve 
stimulator. 

Local anaesthetic requirements for epidural and spinal 
anaesthesia are reduced to 75-80% of normal in the 
morbidly obese, since fatty infiltration and the increased 
blood volume caused by increased intra-abdominal pressure 
reduce the volume of the epidural space.“ '°' This can lead 
to an unpredictable spread of local anaesthetic and vari- 
ability in block height.” 1°? Blocks extending above Ts risk 
respiratory compromise, and cardiovascular collapse sec- 
ondary to autonomic blockade.'”? For these reasons, the 
anaesthetist must always be prepared to convert to general 
anaesthesia and have the necessary equipment and assist- 
ance immediately to hand. 


Systemic analgesia 

The use of opioid analgesics may be hazardous in the obese. 
The intramuscular route is not recommended as it is 
unpredictable and has been shown to provide poorer 
analgesia than other routes.“ 14 If the intravenous route 
is to be used, then’a patient-controlled analgesia system 
(PCAS) is probably the best option.” PCAS has been shown 
to provide effective analgesia in the obese, although 
respiratory depression has been reported. °° Doses should 
be based on IBW. Supplemental oxygen and close 
observation, including pulse oximetry monitoring, are 
recommended. 

Postoperative epidural analgesia, using opioids or local 
anaesthetic solutions, may provide the most effective and 
safest analgesia for the obese patient.'*” The epidural route 
for opioid administration is preferred over other routes 
because it produces less drowsiness, nausea and respiratory 
depression, earlier normalization of bowel motility, im- 
proved pulmonary function and reduced hospital 
stay.“ 72 134 As a result of the potential for delayed onset 
respiratory depression, supplemental parenteral opioids 
should probably be avoided. Continuous epidural analgesia 
with local anaesthetics has been shown to have a beneficial 
effect on cardiovascular function, with a reduction in left 
ventricular stroke work,” although an associated motor 
block will delay ambulation. 

All of the above regimens can be supplemented with oral 
analgesics such as paracetamol or non-steroidal anti- 
inflammatory drugs if appropriate. 


Considerations in obstetrics 


The obese pregnant patient presents particular difficulties, 
which include: (i) increased risk of chronic hypertension, 
pre-eclampsia and diabetes;> ®” (ii) higher incidence of 
difficult labour with increased likelihood of instrumental 
delivery and Caesarean section;8” 132 (iii) Caesarean section 
operations tend to be longer'®° with a higher incidence of 
postoperative complications, including greater blood loss, 
deep-vein thrombosis and wound infection or dehiscence;®’ 
(iv) increased risk of anaesthesia-related morbidity and 
mortality during Caesarean section and in particular, 
increased risk of failed intubation and gastric aspiration 
during procedures under general anaesthesia;®’ (v) in- 
creased incidence of multiple, failed attempts at epidural 
siting;®’ '°* (vi) increased risk of fetal morbidity and 
mortality, with some studies showing an increased inci- 
dence of fetal distress;®’ (vii) supine and Trendelenburg 
positions further reduce FRC, increasing the possibility of 
hypoxaemia; (viii) some studies show a greater cephalad 
spread of local anaesthetic during spinal and epidural 
enaesthesia;** (ix) loss of intercostal muscle function during 
spinal anaesthesia leading to respiratory difficulty; (x) 
possible severe reduction in cardiac output with general 
anaesthesia, related to profound aorto-caval compression 
and the use of PEEP. 


Solutions 
If at all possible, general anaesthesia should be avoided in 
the pregnant obese patient. If it is absolutely essential, then a 
difficult intubation should be anticipated and the appropriate 
assistance and equipment made readily available. If time is 
available, an awake fibreoptic intubation should be con- 
sidered. A clear action plan must have been formulated for 
the possibility of a failed intubation. The mother’s safety 
must come first; if a failed intubation is deemed likely, then 
a rapid sequence induction should not be considered. 
Siting an epidural catheter early in labour allows the 
anaesthetist to establish good analgesia in a calm and 
controlled atmosphere rather than having to rush in the 
event of an emergency situation.®” Epidural analgesia can 
be supplemented for operative procedures and may reduce 
the likelihood of post-partum deep-vein thrombosis. 
‘Single-shot’ spinal anaesthesia may be inadequate for a 
prolonged Caesarean section, so consideration should be 
given to a combined spinal-epidural technique if a 
subarachnoid block is favoured. Local anaesthetic require- 
ments may be reduced by up to 25% in the obese pregnant 
state. 


Anaesthesia and the obese child 


Overweight children become obese adults. It appears that 
body fat distribution is more important than percentage 
body fat ın determining cardiovascular risk factors for later 
life. 7 In a 57 yr follow-up study, all-cause and 
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cardiovascular mortality was greater for adults who had had 
a higher childhood BMI.®° °° 

The child with Prader-Willi syndrome is likely to present 
a particular challenge to the anaesthetist. Features of the 
syndrome include hypotonia, mental retardation, obesity, 
diabetes mellitus, scoliosis and sleep apnoea (which may 
worsen postoperatively). Cardiovascular disturbance 
(hypertension, arrhythmias), restrictive pulmonary defects 
and thermoregulatory abnormalities have also been de- 
scribed. It would seem prudent that these children should be 
anaesthetized in specialist centres that have experience of 
the condition. 


Laparoscopic procedures in the obese 


Despite the expected diaphragmatic splinting and reduction 
in FRC, obese patients seem to tolerate laparoscopic 
procedures relatively well. Dumont and colleagues™ stud- 
ied the respiratory mechanics and arterial blood gases in 15 
morbidly obese patients undergoing laparoscopic gastro- 
plasty. They showed that abdominal insufflation to 2.26 kPa 
led to a 31% decrease in respiratory compliance, increases 
of 17% and 32% in peak and plateau airway pressures (at 
constant tidal volume), significant hypercapnia but no 
change in arterial oxygen saturation. Pulmonary compliance 
and insufflation pressures returned to baseline values after 
abdominal deflation and the procedures were well tolerated. 
Similarly, Juvin and colleagues” demonstrated that obese 
patients undergoing laparoscopic gastroplasty had signifi- 
cantly reduced analgesic requirements, were able to walk 
sooner and had a shorter hospital stay than a comparable 
group of patients who had had an open procedure. 
Laparoscopy for gastroplasty may improve the immediate 
postoperative course but the anaesthetist must be aware that 
Trendelenburg and reverse Trendelenburg positions are 
likely to be poorly tolerated and that hypercarbia may cause 
arrhythmias and cardiovascular instability during the pro- 
cedure. 


Obesity and gastrointestinal disorders 


It 1s commonly believed that combination of increased intra- 
abdominal pressure, high volume and low pH of gastric 
contents,” delayed gastric emptying and an increased 
incidence of hiatus hernia and gastro-oesophageal reflux 
place the obese patient at a higher nsk of aspiration of 
gastric content followed by aspiration pneumonitis. Recent 
studies, however, have challenged this contention. Zacchi 
and colleagues? showed that obese patients without 
symptoms of gastro-oesophageal reflux have a resistance 
gradient between the stomach and the gastro-cesophageal 
junction simular to that ın non-obese subjects in both the 
lying and sitting positions. Although obese individuals have 
a 75% greater gastric volume than normal individuals, 
recent work has shown that gastric emptying is actually 
faster in the obese, especially with high-energy content 


intake such as fatty emulsions. However, as a result of the 
larger gastric volume, the residual volume is larger in obese 
individuals.’ Both the faster gastric emptymg and the 
larger gastric volume can be partially reversed by weight 
loss. >? Despite such conflicting evidence, it is sensible to 
take precautions against acid aspiration. This includes the 
use of H2 receptor antagonists, "°? antacids and prokinetics; 
rapid sequence induction with cricoid pressure and tracheal 
extubation with the patient fully awake.'”! 


Diabetes mellitus 


Obesity is an important independent risk factor for type H or 
maturity-onset diabetes mellitus. Some studies show a 
>10% incidence of an abnormal glucose tolerance test in 
patients undergoing bariatric surgery.'”' All obese patients 
should have a random blood sugar test performed 
preoperatively and, if indicated, a glucose tolerance test. 
The catabolic response to surgery may necessitate the use of 
insulin postoperatively to contro] glucose concentrations. 
Failure to control blood glucose concentrations adequately 
will render the patient more susceptible to wound infections 
and will increase the risk of myocardial infarction during 
periods of myocardial ischaemia.” 


Thromboembolic disease 


The risk of deep-vein thrombosis in obese patients under- 
going non-malignant abdominal surgery is approximately 
twice that of lean patients (48% vs 23%), with a similar 
increased risk of pulmonary embolus.*° |?) It is the 
commonest complication of bariatric surgery, with the 
icidence reported to be between 2.4% and 4.5%.© $6 12! 
The increased risk of thromboembolic disease in obese 
patients is likely to result from prolonged immobilization 
leading to venous stasis, polycythaemia, increased abdom- 
inal pressure with increased pressure in the deep venous 
channels of the lower limb, cardiac failure and decreased 
fibrinolytic activity with increased fibrinogen concentra- 
tions. Measures to prevent venous thromboembolism should 
always be taken. 


Drug handling in obesity 

The physiological changes associated with obesity lead 
to alterations in the distribution, binding and elimination 
of many drugs. ? 15 The net phamacokinetic effect in 
any patient is often uncertain, making monitoring of 
clinical end-points (such as heart rate, arterial pressure 
and sedation) and serum concentrations of drugs more 
important than empirical drug dosing based on published 
data.’1° 14 For drugs with narrow therapeutic indices 
(e.g. aminophylline, aminoglycosides or digoxin), toxic 
reactions may occur if patients are dosed according to 
their actual body weight.’ ? 4? 115 
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Absorption 


Oral absorption of drugs remains essentially unchanged in 
the obese patient.” 


Volume of distribution 


Factors that affect the apparent volume of distribution (Va) 
of a drug in the obese include the size of the fat organ, 
increased lean body mass, increased blood volume and 
cardiac output, reduced total body water, alterations in 
plasma protein binding and the lipophilicity of the drug.°° 
Thiopental, for instance, has an increased Vy because of its 
highly lipophilic nature and also because of the increased 
blood volume, cardiac output and muscle mass. 
Therefore the absolute dose should be increased, even 
though on a weight-for-weight basis the dose required will 
be less than that for a lean individual. An increase in the 
volume of distribution will reduce the elimination half-life 
unless the clearance is increased.’ * With thiopental and 
other lipophilic drugs (such as benzodiazepines or potent 
inhalational anaesthetic agents), effects may persist for 
some time after discontinuation. 

There may be variable effects of obesity on the protein 
binding of some drugs. The increased concentrations of 
triglycerides, lipoproteins, cholesterol and free fatty acids 
may inhibit protein binding of some drugs, and so increase 
free plasma concentrations.! In contrast, increased con- 
centrations of a, acid glycoprotein may increase the degree 
of protein binding of other drugs (e.g. local anaesthetics), so 
reducing the free plasma fraction. 


Elimination 
Although histological abnormalities of the liver are rela- 
tively common, hepatic clearance is usually not reduced in 
the obese. Phase I reactions (oxidation, reduction and 
hydrolysis) are usually normal or increased in obesity, 
whereas metabolism of some drugs by phase II reactions 
(e.g. lorazepam) is consistently increased. Cardiac failure 
and reduced liver blood flow may slow the elimination of 
drugs that are rapidly eliminated by the liver (e.g. 
midazolam or lidocaine).''° 

Renal clearance increases in obesity because of the 
increased renal blood flow and glomerular filtration rate.!!° 
In obese patients with renal dysfunction, estimates of the 
creatinine clearance from standard formulae tend to be 
inaccurate and dosing regimens for renally excreted drugs 
should be based instead on measured creatinine clear- 
ance, !*6 


Inhalational anaesthetics 


The traditional theory that slow emergence from anaesthesia 
in morbidly obese patients is a result of delayed release of 
volatile agent from excessive adipose tissue has been 
challenged. !°* Reductions in blood flow to the fat organ may 


limit the delivery of volatile agents to fat stores, with the 
slow emergence more probably resulting from increased 
central sensitivity. In fact, some studies demonstrate 
comparable recovery times in obese and lean subjects for 
anaesthesia lasting 2—4 h.” 

Obese patients may be more susceptible to the ill-effects 
of altered hepatic metabolism of volatile agents. Plasma 
concentrations of bromide, a marker of reductive and 
oxidative metabolism of halothane, are increased in obese 
patients.!*! Increased reductive metabolism may be an 
ımportant factor in the development of liver injury after 
exposure to halothane, and this may be more likely in obese 
individuals at risk from hypoxaemia and reduced liver blood 
flow. Concentrations of inorganic free fluoride ions are 
higher in obese patients following exposure to halothane or 
enflurane, increasing the risk of nephrotoxicity.” 28 This 
does not appear to be the case with sevoflurane, despite its 
significant hepatic metabolism.” Fluoride concentrations 
are not significantly increased after isoflurane anaesthe- 
sia,’*’ so this remains the inhalational agent of choice for 
many anaesthetists. Although its rapid elimination and 
analgesic properties render nitrous oxide potentially attract- 
ive, its usefulness is limited by the high oxygen demands of 
many morbidly obese patients. The influence of obesity on 
the pharmacokinetics of commonly used anaesthetic drugs 
is summarized in Table 3. 


Trauma and the obese patient 


It is a widely held belief that the outcome of trauma in obese 
patients is poor, but data to support this are scarce. 
Boulanger and colleagues examined retrospectively the 
pattern of blunt trauma in obese and non-obese individuals 
over a 4 yr period.” The obese group tended to be involved 
more in car crashes (62.7% vs 54.1%) and to have better 
GCS scores, and they were more likely to have rib fractures, 
pulmonary contusions, pelvic fractures and extremity frac- 
tures. They were less likely to have suffered head trauma or 
liver injuries. Smith-Choban and colleagues reported an 
eight-fold increase in mortality following blunt trauma in 
morbidly obese patients compared with the non-obese. 14° 

The metabolic response to severe trauma appears to be 
different in obese and non-obese subjects. Jeevanandam and 
colleagues” showed that traumatized obese patients 
mobilized relatively more protein and less fat than non- 
obese victims. In other words, they were unable to use their 
most abundant fuel source. They suggest that the nutritional 
management of obese trauma victims should provide 
enough glucose calories to spare protein. 

Care of the morbidly obese trauma victim in the 
resuscitation room 1s likely to prove difficult. Given the 
high probability of underlying cardiorespiratory impair- 
ment, such patients are likely to require high inspired 
oxygen fractions, early intubation and respiratory support, 
meticulous fluid resuscitation with invasive monitoring, and 
adequate personnel to transport them around the emergency 


102 


Obesity 


Table 3 Influence of obesity on the pharmacokinetics of anaesthetic drugs (adapted from reference 143), TBW=total body weight, LBW=lean body weight, 


MAC = minimum alveolar concentration 





Clinical implications 





Drug Altered pharmacokinetics 
Hypnotics 
Thiopental Increased central volume of distnbution, prolonged 
elimination half-hfe 
Propofol Little known 


body weight, prolonged elimination half-life 


Central volume of distribution increases in line with 


Increased absolute dose; reduced dose per unit body weight, 
prolonged duration of action 

Increased absolute dose, reduced dose per umt body weight 
Increased absolute dose, same dose per unit body weight, 
prolonged duration of action, particularly after infusion 


Increased absolute dose, reduced dose per umt body weight, 
doses of 120-140 mg appear satisfactory 

Unchanged dose per unit body weight 

Give according to estumated lean body weight 


Unchanged dose per unit body weight 
Give according to estumated LBW 


Dose per unit body weight unchanged 
Adjust dose to LBW 


Increased absolute Vp, unchanged Vp adjusted for body weight; Iv. dose unchanged dose per unit body weight; extradural 


increased epidural fat content and epidural venous engorgement dose. 75% of dose calculated according to TBW 


High segmental level following subarachnoid blockade 


Increased Fig, limits practical usefulness; intestinal 
distension may contribute to penoperative difficulties 
Possible increased nisk of halothane hepatitis 


Possibly lower MAC, mecreased risk of fluonde 
nephrotoxicity following prolonged administration 


Neuromuscular blocking drugs 
Succinylchohne Plasma cholinesterase activity increases un proportion 
to body weight 
Atracurium No change ın absolute clearance, absolute volume of 
distribution and absolute elimination half-life 
Vecuronium Impaired hepatic clearance and increased volume of 
distribution lead to delayed recovery ume 
Pancuronium Low Lipid solability 
' Dimethyl tubocurarine Elimmation half-life increases in proportion with % obesity 
Opioids 
Fentanyl No change in elimination following 10 pg kg 
Alfentanil Elimination may be prolonged 
Morphine No information available 
Local anaesthetics 
Lidocaine 
Bupivacaine No information available 
Inhalational angesthetics 
Nitrous oxide Little information 
Halothane Considerable deposition in adipose tissue; mereased risk of 
reductive hepatic metabolism 
Enflurane Blood gas partition coefficient falls with increasing obesity, 
inorganic fluonde concentrations 
nse twice as fast in obese individuals 
Sevoflurane No difference in fluonde concentrations between obese 


and non-obese patients 








department. Bleeding is likely to produce early cardiovas- 
cular decompensation and so should be vigorously sought 
and treated. Portable radiographs may be of poor quality 
because of overlying soft tissue, and clinical signs may be 
difficult to elicit. More sophisticated imaging techniques, 
such as CT scanning, may be needed, although many CT 
tables have weight restrictions of about 160 kg. The 
attending physician should always consider the possibility 
of covert pathology in the obese trauma patient. 


The obese patient on the intensive care unit 


Few data are available on the morbidity and mortality of 
obese patients in the intensive care setting, but again it is 
widely held that the outcome is poor. Despite this, morbid 
obesity was not included as a comorbid variable in the 
development of the APACHE (acute physiology and 
chronic health evaluation) II and II prognostic in- 
dices.’ 1% Obese patients are more likely to be admitted 
to the intensive care unit. Rose and colleagues reported that 
acute postoperative pulmonary events were twice as likely 
in the obese as in the non-obese, and that hospitalızed obese 
patients were at an increased risk of developing respirato 


complications. 1? . 


The alterations in pulmonary function that have already 
been outlined are umportant when considering mechanical 
ventilation in the obese patient. A tidal volume based on the 
patient’s actual body weight is likely to produce alveolar 
over-distension and high airway pressure, so increasing the 
risk of barotrauma. An initial tidal volume based on IBW 
should be used which can then be adjusted according to 
inflation pressures and blood gas analysis.'!> The use of 
PEEP may help to prevent airway closure and atelectasis but 
may be at the expense of the cardiac output. Weaning from 
mechanical ventilation may be difficult because of high 
oxygen requirements, increased work of breathing, reduced 
lung volumes and ventilation—perfusion mismatching. 
Burns and colleagues*® showed that a position of 45° 
head-up tilt resulted in a larger tidal volume and a lower 
respiratory rate than either the 0° or 90° position, and so 
may be of benefit during weaning. If a long stay in the ICU 
is envisaged, early tracheostomy may assist weaning, 
although the percutaneous approach is likely to prove 
difficult. One must always consider the possibility of the 
obese patient requiring emergency re-intubation and so 
extubation should be planned when adequate personnel are 
available, especially if the initial intubation was problem- 
atic. 
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The morbidly obese patient is likely to have significant 
cardiovascular impairment and to tolerate fluid loading 
- poorly. Invasive haemodynamic monitoring may assist in 
titrating fluid replacement and assessing cardiac perform- 
ance. Siting of central venous catheters may be difficult, 
resulting in a higher incidence of catheter misplacement and 
local complications such as infection and thrombosis.” 
Femoral vein catheterization may be impossible owing to 
local intertrigo. Doppler ultrasound has been shown to 
improve the success rate of central vein cannulation in high- 
risk groups with a reduced rate of complications.”* 7 

Despite having excess body fat stores and an increased 
lean body mass, obese individuals are at risk from 
developing protein malnutrition during periods of metabolic 
stress.°’ Weight reduction during episodes of critical illness 
is not beneficial and appropriate nutritional support should 
not be withheld. Obese individuals are not able to mobilize 
their fat stores during critical illness and tend to rely on 
carbohydrate instead. The increased carbohydrate use 
increases the respiratory quotient and accelerates protein 
breakdown further to fuel gluconeogenesis.” Energy 
expenditure equations tend to be unreliable in critical 
illness, especially in the obese.™ An indirect calorimeter 
should be used to calculate energy expenditure, ! 14 but if one 


is not available, then patients should receive 20-30 kcal kg ` 


of IBW per day. Most of the calories should be given as 
carbohydrate, with fats given to prevent essential fatty acid 
deficiency. Protein requirements may be difficult to assess 
because of an increased lean body mass, but 1.5-2.0 g kg” 
of IBW should achieve nitrogen balance.** °! Expert advice 
should be sought from a dietician. 

Clearly the morbidly obese patient will present the 
emergency room and intensive care staff with a formidable 
challenge. Better understanding of the pathophysiology and 
complications that accompany obesity may improve their 
care and outcome. More research on the outcome of the 
morbidly obese in these settings is required. 
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The stress response is the name given to the hormonal and 
metabolic changes which follow injury or trauma. This is 
part of the systemic reaction to injury which encompasses a 
wide range of endocrinological, immunological and hae- 
matological effects (Table 1). The responses to surgery have 
been of interest to scientists for many years. In 1932, 
Cuthbertson described in detail the metabolic responses of 
four patients with lower limb injuries.!° He documented and 
quantified the time course of the changes. The terms ‘ebb’ 
and ‘flow’ were introduced to describe an initial decrease 
and subsequent increase in metabolic activity. The descrip- 
tion of the ‘ebb’ phase was based partly on work in 
experimental animals and the estimations of increases in 
metabolic rate in the ‘flow’ phase were exaggerated. These 
descriptions have been perpetuated and are still quoted, but 
have been redefined”? and are perhaps not critical to an 
understanding of the actual changes which occur. 

After the early work on the stress response to accidental 
injury, attention turned to surgical trauma, and responses to 
most types of surgery were reported. Following on from 
this, the ability of anaesthetic agents and neural blockade to 
modify the endocrine and metabolic responses has been 
studied enthusiastically. Although it seems that the stress 
response developed to allow injured animals to survive by 
catabolizing their own stored body fuels, it has been argued 
that the response is unnecessary in current surgical practice. 
Strenuous efforts have been made to inhibit the stress 
responses to surgery and evaluate the outcome. In particular, 
the potential benefits of regional anaesthesia on surgical 


Table 1 Systemic responses to surgery 


Sympathetic nervous system activation 
Endocrine ‘stress response’ 
pituitary hormone secretion 
insulin resistance 
Immunological and haematological changes 
cytokine production 
acute phase reachon 
neutrophil leucocytosis 
lymphocyte proliferanon 


outcome are still under scrutiny. Over the past 10 yr, the role 
of cytokines in the response to surgery, and the interaction 
between the immunological and neuroendocrine systems, 
has furthered interest in the subject. This review describes 
the endocrine and metabolic changes which occur during 
surgery, and the effects of anaesthetic and analgesic 
regimens upon the responses. 


The endocrine response to surgery 

The stress response to surgery is characterized by increased 
secretion of pituitary hormones and activation of the 
sympathetic nervous system.'? The changes in pituitary 
secretion have secondary effects on hormone secretion from 


` target organs (Table 2). For example, release of cortico- 


tropbin from the pituitary stimulates cortisol secretion from 
the adrenal cortex. Arginine vasopressin is secreted from the 
posterior pituitary and has effects on the kidney. In the 
pancreas, glucagon is released and insulin secretion may be 
diminished. The overall metabolic effect of the hormonal 
changes is increased catabolism which mobilizes substrates 
to provide energy sources, and a mechanism to retain salt 
and water and maintain fluid volume and cardiovascular 
homeostasis. 


Table 2 Principal hormonal responses to surgery. ACTH, adreno- 
corticotrophic hormone (corticotrophin), AVP, arginme vasopressin, FSH, 
follicle-stimulating hormone; LH, luteinizing hormone, TSH, thyroid- 
stimulating hormone Based on Desborough and Hall? 


Endocrine gland Hormones Change in secretion 
Antenor pituitary ACTH Increases 
Growth hormone Increases 
TSH May increase or decrease 
FSH and LH May increase or decrease 
Posterior pituitary AVP Increases 
Adrenal cortex Cortisol Increases 
Aldosterone Increases 
Pancreas Insulin Often decreases 
Glucagon Usually small increases 
Thyroid Thyroxine, tn-iodothyronine Decrease 
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Sympathoadrenal response 


Hypothalamic activation of the sympathetic autonomic 
nervous system results in increased secretion of catechola- 
mines from the adrenal medulla and release of norepinepbr- 
ine from presynaptic nerve terminals. Norepinephrine is 
primarily a neurotransmitter, but there is some spillover of 
norepinephrine released from nerve terminals into the 
circulation. The increased sympathetic activity results in 
the well recognized cardiovascular effects of tachycardia 
and hypertension. In addition, the function of certain 
visceral organs, including the liver, pancreas and kidney, 
is modified directly by efferent sympathetic stimulation and/ 
or circulating catecholamines. 


The hypothalamic—pituitary—adrenal axis 


Anterior pituitary 

Anterior pituitary hormone secretion is stimulated by 
hypothalamic releasing factors.” The pituitary synthesizes 
corticotrophin or adrenocorticotrophic hormone (ACTH) as 
part of a larger precursor molecule, pro-opiomelanocortin. 
The precursor is metabolized within the pituitary into 
ACTH, B-endorphin and an N-terminal precursor. Growth 
hormone and prolactin are also secreted in increased 
amounts from the pituitary in response to a surgical 
stimulus. Concentrations of the other anterior pituitary 
hormones, thyroid-stimulating hormone (TSH), follicle- 
stimulating hormone (FSH) and luteinizing hormone (LH) 
do not change markedly during surgery. 


Posterior pituitary 

The posterior pituitary produces arginine vasopressin which 
has a major role as an antidiuretic hormone. It also has an 
endocrine function, acting with corticotrophin-releasing 
factor in stimulating the secretion of pro-opiomelanocortin 
from the anterior pituitary. 


Corticotrophin 

Corticotrophin (ACTH) is a 39 amino acid peptide, 
produced in the pituitary from the larger molecule, pro- 
opiomelanocortin. ACTH stimulates the adrenal cortical 
secretion of glucocorticoids so that circulating concentra- 
tions of cortisol are increased. Surgery is one of the most 
potent activators of ACTH and cortisol secretion, and 
increased plasma concentrations of both hormones can be 
measured within minutes of the start of surgery. 


Growth hormone 


Growth hormone is a protein of 191 amino acids secreted 
from the anterior pituitary.!? Its release is stimulated by 
growth hormone releasing factor from the hypothalamus. 
Growth hormone, also known as somatotrophin, has a major 
role in growth regulation, particularly in the perinatal period 
and in childhood. Many of its actions are mediated through 


small protein hormones called insulin-like growth factors 
(IGFs), notably IGF-1, which is produced in liver, muscle 
and other tissues in response to stimulation by growth 
hormone. In addition to the regulation of growth, growth 
hormone has many effects on metabolism. It stimulates 
protein synthesis and inhibits protein breakdown, promotes 
lipolysis (the breakdown of triglycerides into fatty acids and 
glycerol) and has an anti-insulin effect. This means that 
growth hormone inhibits glucose uptake and use by cells, 
which spares glucose for use by neurones in situations of 
glucose scarcity. Growth hormone may also stimulate 
glycogenolysis in the liver. Growth hormone secretion 
from the pituitary increases in response to surgery and 
trauma, in relation to the severity of the injury. 


-Endorphin and prolactin 

B-Endorphin is an opioid peptide of 31 amino acids 
produced from the precursor molecule proopiomelanocor- 
tin. Increased B-endorphin concentrations in the circulation 
after surgery reflect increased pituitary hormone secretion. 
The hormone has no major metabolic activity. 

Prolactin is a protein hormone of 199 amino acids with a 
structure similar to that of growth hormone. Secretion of 
prolactin is increased as part of the stress reponse to surgery 
and also during exercise. It has little metabolic activity. 
Prolactin production increases during pregnancy and stimu- 
lates milk secretion from the breast. 


Cortisol 


Cortisol secretion from the adrenal cortex increases rapidly 
following the start of surgery, as a result of stimulation by 
ACTH. From baseline values of around 400 nmol htre™!, 
cortisol concentrations increase to a maximum at about 
46h, and may reach >1500 nmol litre”! depending on the 
severity of the surgical trauma.°* The cortisol response can 
be modified by anaesthetic intervention (see below). 

Usually, a feedback mechanism operates so that increased 
concentrations of circulating cortisol inhibit further secre- 
tion of ACTH. This control mechanism appears to be 
ineffective after surgery so that concentrations of both 
hormones remain high. 

Cortisol has complex metabolic effects on carbohydrate, 
fat and protein. It promotes protein breakdown and 
gluconeogenesis in the liver. Glucose use by cells is 
inhibited, so that blood glucose concentrations are in- 
creased. Cortisol promotes lipolysis, which increases the 
production of gluconeogenic precursors from the break- 
down of triglyceride into glycerol and fatty acids. 

Cortisol has other glucocorticoid effects, notably those 
associated with anti-inflammatory activity. Corticosteroids 
inhibit the accumulation of macrophages and neutrophils 
into areas of inflammation and can interfere with the 
synthesis of inflammatory mediators, particularly prosta- 
glandins. 
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Insulin and glucagon 


Insulin is the key anabolic hormone.’? It is a polypeptide 
with two chains (of 21 and 30 amino acids) linked by two 
disulphide bridges. Insulin is synthesized and secreted by 
the B cells of the pancreas. It is released after food intake, 
when blood glucose and amino acid concentrations increase. 
Insulin promotes the uptake of glucose into muscle and 
adipose tissue and the conversion of glucose into glycogen 
and triglycerides. It also stimulates the formation of 
glycogen from glucose in the liver Protein catabolism and 
lipolysis are inhibited by insulin. 

Insulin concentrations may decrease after the induction of 
anaesthesia, and during surgery there is a failure of insulin 
secretion to match the catabolic, hyperglycaemic response. 
This may be caused partly by a-adrenergic inhibition of 
B cell secretion. In addition, there is a failure of the usual 
cellular response to insulin, the so-called ‘insulin resist- 
ance’, which occurs in the perioperative period. 

Glucagon is produced in the & cells of the pancreas. This 
hormone promotes hepatic glycogenolysis. It also increases 
gluconeogenesis from amino acids in the liver and has 
lipolytic activity. Although plasma glucagon concentrations 
increase transiently after major surgery, this does not make a 
major contribution to the hyperglycaemic response. 


Thyroid hormones 


Thyroxine (T4) and tri-icdothyronine (T3) are secreted into 
the circulation from the thyroid gland under the influence of 
thyroid-stimulating hormone (TSH). Small amounts of 
inactive, reverse T, (rT3) are produced from the thyroid. 
T3 1s formed in the tissues by the monodeiodination of T4. 
T; is three to five times more active metabolically than T4. 
The hormones are bound extensively to their binding 
proteins, albumin, thyroxine-binding pre-albumin and thy- 
roid-binding globulin (TBG). The free thyroid hormones in 
the plasma are metabolically active. Very low concentra- 
tions of free T4 and T4 are present ın the circulation and are 
in equilibrium with bound hormone in the plasma and the 
tissues.!° 

Thyroid hormones stimulate the oxygen consumption of 
most of the metabolically active tissues of the body. Notable 
exceptions are the brain, spleen and the anterior part of the 
pituitary gland. As a result of thyroid hormone activity, 
metabolic rate and heat production is increased. The other 
principal actions of thyroid hormones are to increase 
carbohydrate absorption from the gut, to stimulate both 
the central and peripheral nervous systems and, in the longer 
term, to influence growth and development. 

There is a close association between the activity of 
thyroid hormones and the catecholamines. In general terms, 
epinephrine and norepinephrine increase the metabolic rate 
and stimulate the nervous system. The thyroid hormones 
increase the number and affininty of B-adrenoceptors in the 


heart and, ultimately, increase the sensitivity of the heart to 
the actions of catecholamines. 

Concentrations of total and free T, decrease after surgery 
and return to normal after several days. TSH concentrations 
decrease during the first 2 h and then return to preoperative 
levels. The reason for the changes remains unclear, but may 
be influenced by the close relationship between thyroid 
hormones, catecholamines and cortisol. Exogenous steroids 
suppress T3, so hypercortisolaemia after surgery may also 
depress T; concentrations." 


Gonadotrophins 


The gondotrophins, LH and FSH, are secreted from the 
anterior pituitary. FSH 1s responsible for the development of 
ovarian follicles ın females. In males, FSH maintains the 
spermatic epithelium. 

LH stimulates growth and development of the Leydig 
cells of the testis which produce testosterone. In females, 
LH promotes maturation of the ovarian follicles and the 
secretion of oestrogen. It also stimulates the formation of the 
corpus luteum from the follicles after ovulation. 

Testosterone is a steroid manufactured from cholesterol 
in the Leydig cells of the testis It has a negative feedback 
effect on LH secretion from the anterior pituitary. It has 
important effects on protein anabolism and on growth, in 
addition to its well known role in the development and 
maintainance of male secondary sexual characteristics. 

The significance of changes in pituitary gonadotrophins 
following surgery requires further study. Testosterone 
concentrations are decreased for several days, while LH 
concentrations show variable changes.° l In female subjects, 
oestradiol concentrations decrease for up to 5 days 
postoperatively.°° 


Metabolic sequelae of the endocrine response 


The net effect of the endocrine response to surgery is an 
increased secretion of catabolic hormones. This promotes 
the provision of food substrates from the catabolism of 
carbohydrate, fat and protem. In evolutionary terms, it 
seems likely that the stress response developed as a survival 
mechanism which allowed injured animals to sustain 
themselves until their injuries were healed. By using stored 
body fuels and retaining salt and water, the animal had a 
chance to survive without food until healing and repair had 
taken place. In current surgical and anaesthetic practice, it is 
questionable whether the stress response is necessary. 


Carbohydrate metabolism 


Blood glucose concentrations increase after surgery begins 
Cortisol and catecholamines facilitate glucose production as 
a result of increased hepatic glycogenolysis and gluconeo- 
genesis. In addition, peripheral use of glucose is decreased 
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Blood glucose concentrations are related to the intensity 
of the surgical injury; the changes follow closely the 
increases in catecholamines. In cardiac surgery, blood 
glucose concentrations can increase up to 10-12 mmol 
litre and remain elevated for >24 h after surgery. The 
changes are less marked with minor surgery. 

The usual mechanisms that maintain glucose homeostasis 
are ineffective in the penoperative period. Hyperglycaemia 
persists because catabolic hormones promote glucose 
production and there is a relative lack of insulin together 
with peripheral insulin resistance. 

In diabetic subjects it is now established that poor 
glycaemic control is associated with an increase in diabetic 
complications, which can be avoided with tight control of 
blood glucose” (see paper by Halls). The risks of prolonged 
perioperative hyperglycaemia are less well established, 
although potential risks include wound infection and 
impaired wound healing. An increased incidence of 
wound infection and mediastinitis was found in diabetics 
and non-diabetics in whom blood glucose concentrations 
were >200 mg dI”’ after cardiac surgery. 


Protein metabolism 


Protein catabolism is stimulated by increased cortisol 
concentrations. Predominantly skeletal muscle is broken 
down, but some visceral muscle protein is also catabolized 
to release the constituent amino acids. The amino acids may 
be further catabolized for energy or used in the liver to form 
new protein, particularly acute-phase proteins. The liver 
also converts amino acids into other substrates, glucose, 
fatty acids or ketone bodies. Protein catabolism results in 
marked weight loss and muscle wasting in patients after 
major surgical and traumatic injury. The loss of protein can 
be measured indirectly by increased nitrogen excretion in 
the urine. 

There has been much interest in the provision of 
nutritional supplements for patients with critical illness 
and those undergoing major surgery. Certain nutrients may 
have a beneficial influence on the immune status of stressed 
patients, Glutamine, arginine, glycine, @-3 polyunsaturated 
fatty acids and nucleotides have been studied most exten- 
sively. Glutamine and arginine are semi-essential amino 
acids with multiplicity of functions including stimulation of 
immune activity. Studies of patients given enteral nutrition 
supplemented with arginine or glycine after major surgery 
benefited from a faster recovery of immunological param- 
Cee Fewer infectious complications and a shorter hospital 
stay. 


Fat metabolism 


As a result of hormonal changes during surgery, fats stored 
as triglycerides are converted by lipolysis to glycerol and 
fatty acids. Lipolytic activity is stimulated by cortisol, 
catecholamines and growth hormone and is inhibited in the 


presence of insulin. The net result is increased mobilization 
of triglyceride, although plasma concentrations of glycerol 
and fatty acids may not change markedly. The glycerol 
produced by lipolysis is a substrate for gluconeogenesis in 
the liver. Fatty acids enter a ‘pool’ from which they may be 
oxidized in the liver and in muscle, converted to ketone 
bodies or re-esterified. 


Water and electrolyte metabolism 


A number of hormonal changes occur in response to surgery 
which influence salt and water metabolism. These changes 
support the preservation of adequate body fluid volumes. 
Arginine vasopressin, which is released from the posterior 
pituitary, promotes water retention and the production of 
concentrated urine by direct action on the kidney. Increased 
vasopressin secretion may continue for 3—5 days, depending 
on the severity of the surgical injury and the development of 
complications. 

Renin is secreted from the juxtaglomerular cells of the 
kidney, partly as a result of increased sympathetic efferent 
activation. Renin stimulates the production of angiotensin I. 
This has a number of important effects; in particular, it 
stimulates the release of aldosterone from the adrenal 
cortex, which in turn leads to Na" and water reabsorption 
from the distal tubules in the kidney."! 


Activation of the stress response 


The endocrine response is activated by afferent neuronal 
impulses from the site of injury. These travel along sensory ~ 
nerve roots through the dorsal root of the spinal cord, up the 
spinal cord to the medulla to activate the hypothalamus. 

In the 1950s it was postulated that there might be ‘wound 
hormones’ produced in injured tissues which activated the 
pituitary—adrenal axis. In classical experiments, Egdahl 
demonstrated the role of the nervous system in the 
activation of the stress response.!® He studied the adreno- 
cortical responses to limb injury in dogs with innervated and 
denervated extremities. Blood samples were collected from 
the adrenal vein for assay of adrenal corticosteroid concen- 
tration. In animals with an intact sciatic nerve, operative 
injury and burns to the limb resulted in an immediate and 
sustained increase in adrenal hormone concentration in 
samples from the adrenal vein. If the nerve was cut after the 
injury, there was a rapid decline in the hormone response. In 
those animals in which the sciatic nerve was transected 
before operative or burn injury, there was no increase in 
adrenal hormone after the trauma. This work did not provide 
evidence that local substances were released after injury 
which stimulated the pituitary—adrenal axis. The idea that 
local substances might influence some of the changes 
associated with surgery was advanced by the discovery of 
the cytokines. 
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Cytokines 


Cytokines are a group of low-molecular-weight proteins 
which include the interleukins and interferons. They are 
produced from activated leucocytes, fibroblasts and en- 
dothelial cells as an early response to tissue injury and have 
a major role in mediating immunity and inflammation.*” 
The cytokines act on surface receptors on many different 
target cells and their effects are produced ultimately by 
influencing protein synthesis within these cells. Details of 
the cytokine network and the activation of cytokines in 
response to surgery have been reviewed recently.!? “? The 
effects of chronic stimulation of the cytokine network, for 
example, in sepsis, has also been reviewed. 

The cytokines have a major role in the inflammatory 
response to surgery and trauma, They have local effects of 
mediating and maintaining the inflammatory response to 
tissue injury, and also initiate some of the systemic changes 
which occur. After major surgery, the main cytokines 
released are interleukin-1 (L-1), tumour necrosis factor-a 
(TNF-c) and IL-6. The initial reaction is the release of IL-1 
and TNF-c from activated macrophages and monocytes in 
the damaged tissues. This stimulates the production and 
release of more cytokines, in particular, IL-6, the main 
cytokine responsible for inducing the systemic changes 
known as the acute phase response.” 


Interleukin-6 


This is a 26 kDa protein. Concentrations of circulating 
cytokines are normally low and may be undetectable. 
Within 30-60 min after the start of surgery, IL-6 concen- 
tration increases; the change in concentration becomes 
significant after 2-4 h. Cytokine production reflects the 
degree of tissue trauma, so cytokine release is lowest with 
the least invasive and traumatic procedures, for example, 
laparoscopic surgery. The largest increases in IL-6 occur 
after major procedures such as joint replacement, major 
vascular and colorectal surgery. After these operations, 
cytokine concentrations are maximal at about 24 h and 
remain elevated for 48—72 h postoperatively. 


The acute phase response 


A number of changes occur following tissue injury which 
are stimulated by cytokines, particularly IL-6. This is known 
as the ‘acute phase response’; one of its features is the 
production in the liver of acute phase proteins (Table 3). 
These proteins act as inflammatory mediators, anti-protei- 
nases and scavengers and in tissue repair. They include C- 
reactive protein (CRP), fibrinogen, a2.macroglobulin and 
other anti-proteinases. The increase in serum concentrations 
of CRP follows the changes in IL-6. Production of other 
proteins in the liver, for example, albumin and transferrin, 
decreases during the acute phase response. Concentrations 
of circulating cations such as zinc and iron decrease, partly 


Table 3 Features of the acute phase response C, C-reactive protein Based 
on Sheeran and Hall? 





Fever 
Granulocytosis 
Production of acute phase proteins in liver 
CRP 
fibnnogen 
O2-macroglobulin 
Changes ın serum concentrations of transport proteins 
increase in ceruloplasmin 
decrease in transferrin, albumin and o2-macroglobulin 
Changes ın serum concentrations of divalent cations 
copper increases 
zinc and iron decrease 


as a consequence of the changes in the production of the 
transport proteins.*” 


Interaction between the immune system and the neuro- 
endocrine system 

The cytokines IL-land IL-6 can stimulate secretion of 
ACTH from isolated pituitary cells in vitro. In patients after 
surgery, cytokines may augment pituitary ACTH secretion 
and subsequently increase the release of cortisol. A negative 
feedback system exists, so that glucocorticoids mbhibit 
cytokine production. The cortisol response to surgery is 
sufficient to depress IL-6 concentrations.”° 


Minimally invasive surgery 

Laparoscopic surgery causes less tissue injury than con- 
ventional procedures, so the increase in concentrations of 
biochemical markers of inflammation, such as IL-6 and the 
acute phase protein, CRP, is not as great.” The classical 
stress responses (catecholamines, cortisol and glucose) to 
abdominal surgery such as cholecystectomy, are not 
changed greatly by reducing surgical trauma. This suggests 
that stimuli for the stress response arise from visceral and 
peritoneal afferent nerve fibres in addition to those from the 
abdominal wall. Anaesthesia has little effect on the cytokine 
response to surgery because it cannot influence tissue 
trauma. Although regional anaesthesia inhibits the stress 
response to surgery, it has no significant effect on cytokine 
production. Combined analgesic regimens which included 
high-dose steroids showed a small decline in IL-6 concen- 
trations and the acute phase response because of the 
interaction of glucocorticoids and cytokines.*! The tech- 
nique was accompanied by unwanted side-effects, including 
wound breakdown. 


The effect of anaesthesia on the stress 
response to surgery 

General anaesthesia 

Opioids 

It has been known for many years that opioids suppress 


hypothalamic and pituitary hormone secretion. McDonald 
and colleagues demonstrated the suppressant effect of 
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therapeutic doses of morphine on the hypothalamic- 
pituitary—adrenal axis in humans.*? Morphine suppressed 
the release of corticotrophin and, consequently, cortisol in 
normal and stress conditions, although the adrenals were 
found to ‘respond to exogenous administration of ACTH. 
The inhibitory effects of morphine occur at the hypotha- 
lamic level. 

In cardiac surgery, the effects of morphine and other 
opioids on the stress response to surgery have been well 
documented.'” Large doses of morphine (4 mg kg”) block 
the secretion of growth hormone and inhibit cortisol release 
until the onset of cardiopulmonary bypass (CPB). Fentanyl! 
(50-100 ug kg™), sufentanil (20 HE kg’) and alfentanil (1.4 
mg kg“) suppress pituitary hormone secretion until CPB.!? 
After the onset of CPB, the physiological changes are so 
profound that the hypothalamic and pituitary responses 
cannot be completely inhibited by opioids. A high-dose 
opioid technique leads inevitably to respiratory depression 
after surgery, which requires ventilatory support to be 
provided for the patient in the postoperative period. 

In lower abdominal surgery, fentanyl 50 pg kg? will 
suppress the growth hormone, cortisol and glycaemic 
changes found during pelvic surgery.!® In this study, the 
opioid was administered during induction of anaesthesia. 
When fentanyl 50 ug ke! was given 60 min after the start of 
pelvic surgery, there was no significant effect on the 
endocrine response which was already established.° It was 
subsequently established that fentanyl 15 ug kg’ was 
sufficient to inhibit cortisol and glucose responses to lower 
abdominal surgery.” 

In upper abdominal surgery, systemic opioids are 
relatively ineffective in preventing the stress response to 
upper abdominal surgery. Fentanyl 100 ug kg™' abolished 
completely the hormonal changes after conventional 
cholecystectomy, but the technique resulted in respiratory 
depression requiring ventilatory support in the postoperative 
period.”* 


Etomidate and benzodiazepines 

The anaesthetic induction agent etomidate is a carboxylated 
imidazole that interferes with the production of steroids in 
the adrenal cortex by reversible inhibition of the enzyme 
11B-hydroxylase and cholesterol side-chain cleavage en- 
zyme. The synthesis of both aldosterone and cortisol is 
blocked. A single induction dose of the drug will suppress 
hormone production for 6-12 h,** while infusion for 1-2 h 
blocks cortisol synthesis for up to 24 h.”” In healthy patients, 
there were no adverse cardiovascular effects from such an 
infusion during pelvic surgery, and the only metabolic result 
of cortisol inhibition was a decrease in the expected 
glycaemic response.” 

The use of etomidate by infusion as part of intravenous 
sedation for critically ill patients was found to be associated 
with increased mortality.” As a result, the drug is no longer 
licensed for use in long-term sedation. A recent study has 
examined adrenocortical function in critically ill patients 


after induction of anaesthesia with etomidate or thiopental.’ 
Pre-induction cortisol concentrations were measured and a 
short ACTH stimulation test was performed at 24 h to assess 
adrenal function. Cortisol concentrations before induction 
of anaesthesia were high, in keeping with other studies of 
adrenal function in critically ill patients. Those patients who 
received etomidate tended to have a smaller cortisol 
response to stimulation by ACTH than the control thiopental 
group. Although assessment of adrenocortical function in 
critically ill patients using single cortisol concentrations and 
ACTH stimulation tests is the subject of great controversy,“ 
this study suggests that etomidate may interfere with 
cortisol synthesis in these patients.” 

The benzodiazepine, midazolam, which has an imidazole 
ring in addition to the basic benzodiazepine structure, 
attenuates the cortisol responses to both peripheral and 
upper abdominal surgery.” '* Midazolam and diazepam both 
inhibit cortisol production from isolated bovine adrenocor- 
tical cells in vitro. Although Crozier and colleagues showed 
that subjects produced cortisol in response to exogenous 
ACTH,’ thus confirming that the site of action of the 
benzodiazepine is at the hypothalamic—pituitary level, a 
direct inhibitory effect on steroid production cannot be 
excluded. 

Clonidine 

Clonidine is a centrally acting antihypertensive drug which 
activates @,-adrenergic receptors.’ It provides haemody- 
namic stability through its sympatholytic activity, and can 
reduce anaesthetic and analgesic requirements and provide 
sedation. By reducing the sympathoadrenal and cardiovas- 
cular responses caused by noxious surgical stimuli, the a- 
agonists inhibit the stress responses mediated by the 
sympathetic nervous system. 


Regional anaesthesia 


Extensive epidural analgesia with local anaesthetic agents 
will prevent the endocrine and metabolic responses to 
surgery in the pelvis and on the lower limbs. Epidural 
blockade from dermatomal segment T4 to S5, established 
before the start of surgery, prevented increases in cortisol 
and glucose concentrations in response to hysterectomy." 
Both afferent input from the operative site to the central 
nervous system and the hypothalamic—pituitary axis, and 
efferent autonomic neuronal pathways to the liver and 
adrenal medulla are blocked. Thus the adrenocortical and 
glycaemic responses to surgery are abolished. Less exten- 
sive neural blockade will not completely abolish the 
hormonal and metabolic changes. 

In upper abdominal or thoracic surgery, it is not possible 
to prevent pituitary hormone responses completely, even 
with extensive epidural local anaesthetic blockade. In a 
classical study by Bromage and colleagues, epidural block 
up to the C6 dermatome inhibited glycaemic changes but 
not the increases in cortisol concentrations in response to 
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upper abdominal and thoracic surgery.’ Other studies 
confirm these findings. Many suggestions have been made 
to explain the failure to abolish completely the stress 
responses in these studies. Most of these centre around 
madequate or incomplete afferent somatic and sympathetic 
neural blockade which allows pituitary activation and hence 
cortisol release from the adrenal cortex under the influence 
of ACTH, whilst efferent blockade of nerves to the adrenal 
medulla and the liver inhibits hyperglycaemic responses. 
Attempts were made subsequently to improve on the 
afferent blockade using vagal blockade, splanchnic nerve 
block or continuous intraperitoneal local anaesthetic, but no 
technique has abolished consistently the stress responses to 
upper abdominal or thoracic surgery. 


Cardiac surgery 


Perioperative thoracic epidural anaesthesia has been used 
successfully ın the management of patients undergoing 
coronary artery bypass surgery.”* 46 Investigators have 
examined the effects of thoracic epidural analgesia on 
neuroendocrine secretion and on physiological variables. It 
is possible to prevent changes in catecholamine responses 
during CPB and up to 24 h after the start of cardiac surgery 
using thoracic epidural analgesia combined with general 
anaesthesia.*° This cannot be achieved using opioid anaes- 
thesia alone. The cortisol responses to CPB may also be 
attenuated using thoracic epidural analgesia, although 
studies show variable results. 

Although there is no direct association between the 
attenuation of hormonal and metabolic responses and 
postoperative outcome, the use of thoracic epidural anal- 
gesia in cardiac surgery has many potential benefits in terms 
of improvements in organ function. Thoracic epidural 
anaesthesia provides intense analgesia, avoids the use of 
systemic opioids and improves postoperative pulmonary 
function. It may reduce the incidence of thrombotic 
complications by decreasing the tendency towards hyper- 
coagulability in the perioperative period.” 

The myocardium-specific contractile protein, troponin T, 
is a highly specific biochemical marker of myocardial 
injury. Measurement of serum concentrations of the protein 
can be used to assess myocardial ischaemia. A recent study 
showed that thoracic epidural anaesthesia and general 
anaesthesia in cardiac surgery attenuated the myocardial 
sympathetic response and was associated with decreased 
myocardial damage as determined by less release of 
troponin T.°° In medical patients, thoracic epidural anal- 
gesia has been used successfully to treat refractory angina. 
The sympatholytic effects of the blockade of cardiac 
sympathetic efferents and afferents may improve the 
balance of oxygen delivery and consumption. The use of 
thoracic epidural anaesthesia ın patients with heart disease 
has been the subject of a recent review.” 

Despite the potential benefits of thoracic epidural anaes- 
thesia, there are specific cautions about the use of regional 


neural blockade in patients who are given anticoagulants 
because of the risk of epidural haematoma formation. 
Procedural guidelines may be used to minimize the risk of 
neurological complications.* Thoracic epidural anaesthesia 
is not without potential side-effects, which include possible 
cranial spread of the epidural block. This may lead to arm 
weakness, and apnoea may occur if the diaphragm is 
affected by blockade of nerve roots C3-C5. Testing of arm 
movements has been advocated to momtor cephalad spread 
of thoracic epidural anaesthesia.” 


The stress response and surgical outcome 


There has been a great deal of interest in the modification of 
the stress response with respect to the potential beneficial 
effects on surgical outcome. The extent to which the 
responses are modified depends on the choice of the 
analgesic techniques used. Inhibition of stress responses is 
greatest with neural blockade with local anaesthetics 
Therefore attention has focused largely on the effects of 
regional anaesthetic and analgesic regimens, particularly 
epidural blockade with local anaesthetic agents. Individual 
studies show that provision of analgesia using neural 
blockade leads to improvements in physiological variables 
in specific organ systems. Single investigations often cannot 
show benefits in morbidity and mortality because the 
incidence of serious complications after surgery is generally 
low, and the numbers of patients studied is small Meta- 
analysis is being used icreasingly to demonstrate that 
regional analgesia has beneficial effects on surgical out- 
come. 


Beneficial effects of regional analgesia 


Thromboembolic complications 

It is well established that regional analgesic techniques 
reduce the incidence of thromboembolic complications 
following surgery of the pelvis and lower limbs.?! In upper 
abdominal procedures, there is not quite the same benefit in 
the incidence of thrombotic episodes. 


Pulmonary function 

Although it might be assumed that good analgesia with 
regional techniques should lead to decreased postoperative 
pulmonary complications, improvements in overall pul- 
monary outcome have not been demonstrated unequivo- 
cally. In single studies, pulmonary function has been shown 
to improve, and meta-analysis has found that continuous 
administration of epidural local anaesthetic decreases the 
incidence of pulmonary complications, whereas other 
techniques, including the use of systemic or epidural 
opioids, were less effective.4 


Cardiac complications 
Regional analgesia is very effective in tempering some of 
the cardiovascular responses to surgery which result from 
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sympathetic activation, Whether neural blockade tech- 
niques are more beneficial in terms of overall cardiac 
morbidity and outcome compared with other methods of 
pain relief has not been established.” 3! 


Gastrointestinal function 

Continuous epidural analgesia at the thoracic level 
decreases paralytic ileus following abdominal procedures.*? 
The use of local analgesia, or a combination of local and 
opioid analgesia, was more effective than either systemic or 
epidural opioids in preventing ileus. The elimination of ileus 
allows the early use of enteral nutrition which is an 
important factor in reducing the risk of infectious compli- 
cations.” 

Despite evidence that regional analgesia confers benefi- 
cial effects on organ function, improvements in overall 
postoperative morbidity and length of hospital stay have not 
been demonstrated conclusively. This is disappointing in 
view of the widespread introduction of acute pain services 
which consume time and resources. Of course, analgesia is 
provided for humanitarian reasons. Patient-controlled anal- 
gesia is popular and accepted by many patients, but has 
minimal effect on postoperative outcome. 


Recovery from surgery 


Many factors other than analgesic regimens influence 
recovery from major surgery and the ability of the patient 
to return home and resume work.® Surgical technique has an 
important role; laparoscopic procedures are associated with 
rapid recovery and early discharge from hospital. Other 
factors are also important, not least the expectations of 
patients and of the nursing and medical staff. Behavioural 
and subjective changes are part of the response to surgery. 
Feelings of malaise and postoperative fatigue have a strong 
influence on recovery from surgery and return to work. 
Salmon and Hall have developed a theory of postoperative 
fatigue which encompasses psychological and cultural 
mechanisms as well as physiological changes.“ 
Postoperative fatigue is a complex multifactorial issue, 
and can be decreased in a number of ways including 
appropriate use of minimally invasive surgery and the 
avoidance of sleep disturbance. Such an ‘intensive’ 
approach is likely to be costly in terms of personnel but 
can be rewarded with early discharge from hospital.”” 
Kehlet advocates a ‘multmodal’ approach to accelerate 
postoperative recovery.”! In addition to effective pain relief 
which allows normal function, other elements in patient 
management must be addressed. The use of minimally 
invasive surgical techniques, including laparoscopically 
assisted procedures, will reduce the effects of tissue injury. 
Postoperative nausea and vomiting and paralytic ileus 
should be avoided and enteral and oral feeding used. 
Early mobilization must be encouraged and is facilitated by 
good analgesia and the avoidance of tubes and drains. A 
rapid return to normal function has to be encouraged. 


Conclusions 


The stress response to surgery comprises a number of 
hormonal changes initiated by neuronal activation of the 
hypothalamic—pituitary—adrenal axis. The overall metabolic 
effect is one of catabolism of stored body fuels. In general, 
the magnitude and duration of the response are proportional 
to the surgical injury and the development of complications 
such as sepsis. Other changes also occur following surgery, 
notably an increase in cytokine production which is 
triggered locally as a tissue response to injury. 

Regional anaesthesia with local anaesthetic agents 
inhibits the stress response to surgery and can also influence 
postoperative outcome by beneficial effects on organ 
function. 
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Malignant hyperthermia (MH) was the name given to a 
type of severe reaction under general anaesthesia that was 
first described in 1960.” Monitoring during anaesthesia at 
that time was based on clinical observation and physical 
signs, without the luxury of today’s advanced equipment. 
The apparent features of the reactions were, therefore, 
dominated by a progressive pyrexia that usually led to 
death,!! 19 7! ?? hence the name malignant hyperpyrexia or 
hyperthermia. The ‘malignant’ part of the name MH has 
proved useful in emphasizing the potentially fatal nature of 
the reaction. The ‘hyperthermia’ component is, perhaps, less 
useful because it identifies a relatively late feature of a 
reaction in which early intervention is important. From this 
point of view, it might be useful for the anaesthetist to think 
of MH as ‘malignant hypermetabolism’, because the earliest 
clinical features (rising end-tidal carbon dioxide concentra- 
tion and tachycardia) are indicative of the metabolic nature 
of the reaction. 

In 1988, a postgraduate educational issue of the British 
Journal of Anaesthesia”? was devoted to a series of review 
articles on the subject of MH. Since then, MH research has 
benefited from the rapid advances in molecular genetics 
stemming from development of the polymerase chain 
reaction." Elucidation of the molecular genetic basis of 
MH carries the prospect of presymptomatic diagnosis and a 
complete understanding of the aetiology of the disorder and 
is likely to contribute to our understanding of skeletal 
muscle pathology and molecular mechanisms of inhala- 
tional anaesthetics. These prospects have, however, been 
made less tangible by the apparent complexity of the 
molecular genetics of MH. 11 Contrary to an earlier view 
that DNA-based screening could be applied readily,” the 
complexity of the disorder has required a re-examination of 
the criteria for the clinical diagnosis of MH, refinement of 
in vitro muscle contracture tests IVCTs) used for laboratory 
diagnosis and functional analysis of potential subcellular 
targets of the MH defect(s).©° In this review, I will focus on 
these aspects of MH, along with developments in the 
clinical management of MH since 1988. I will not discuss 


the management of an MH reaction following its diagnosis, 
as this is essentially unchanged from earlier reviews.” 


Clinical aspects of MH 
Clinical presentation 


Preoperative diagnosis 

MH is a manifestation of exposure of susceptible individ- 
uals to triggering drugs. Without such exposure, it is usually 
impossible te identify the MH-susceptible patient unless 
there is a personal or family history suggestive of MH. Even 
then, further questioning about the details of the history will 
often lead to the exclusion of MH. Various musculoskeletal 
abnormalities, such as scoliosis, hernias or strabismus, have 
been associated with MH susceptibility,'° '!> but an analysis 
of >2500 patients tested for MH susceptibility could find no 
evidence to support such associations.” In 1988, Brownell 
concluded that, of the muscle diseases associated with MH, 
only central core disease appeared to be truly linked.'? More 
recent studies have indicated that not even this link is 
consistent.2° * 7! 

Some syndromes with features similar to those of MH 
have been investigated for common aetiology. Neuroleptic 
malignant syndrome is discussed in the accompanying 
review by Adnet;> these patients need not be considered at 
risk of developing MH under anaesthesia. There is less 
certainty concerning those with a history of exertional heat 
stroke or exercise-induced rhabdomyolysis. Our group and 
others have demonstrated muscle abnormalities similar to 
those found in MH in some patients with such a history.” © 
In our cases, the same muscle abnormality was found in 
relatives, but was probably not identical to that found in 
MH. There are undoubtedly ‘non-muscle’ causes of heat 
stroke, such as obesity, concurrent viral illness or recent 
alcohol consumption,” but if these are excluded, I would 
advise that a patient with a history of exertional heat stroke 
or exercise-induced rhabdomyolysis, especially more than 
one episode, be investigated for MH. 
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Malignant hypotherma 


Table 1 Causes of increased serum creatine kinase concentranon These can be divided into ‘identifiable’ and ‘idiopathic’ according to how easy the 
underlying cause 18 to diagnose. Hypothyroidism 1s by far the commonest cause, followed by myopathies 


‘Identifiable’ 
(trauma, drugs) 
‘Idiopathic’ 
neuroleptic malignant syndrome 





Hypothyroidism, myopathies, exercise, malignancy (always BB isoenzyme), denervation syndromes, myocardial infarction, rhabdomyolysis 


Malignant hyperthermia suscepubility, Duchenne dystrophy carriers, idiopathic paroxysmal rhabdomyolysis, haemolytic syndromes, previous 





Table 2 Clinical features of malignant hyperthermia. The changes are grouped according to their timing of onset in the reaction. The time periods (early, 
succeeding and late) cannot be quantified because they vary greatly between patients, they do indicate a consistent temporal relationship in the onset of 
chmical features Features in brackets may have their onset at any stage of the reaction. SV=spontancous ventilation 


Timing Ctinical signs Changes in monitored variables Biochemical changes 
Early Sustained yaw rigidity after succinylcholine 
Tachypnoea (SV) Increased minute ventilation (SV) 
Rapid exhaustion of soda lime Rising end-tidal carbon dioxide Increased Paco, 
Hot soda lime catuster 
High pulse rate Tachycardia Decreased pH 
(irregular pulse) (Ventricular ectopics) (increased [K*]) 
(Peaked T waves on ECG) 
Succeeding Patient hot to touch Rising core body temperature 
Cyanosis Falling Spo, Decreased Pao, 
Dark blood in wound 
(Irregular pulse) (Ventricular ectopics) (increased [K*]) 
(Peaked T waves on ECG) 
Late Generalized muscle rigidity 
Prolonged bleeding 
Dark urine Increased creatine kinase, myoglobinuna 
Oliguria 
(regular pulse) (Ventricular ectopics) 
(Peaked T waves on ECG) (increased [K*}) 
Death 





Table 3 Differential diagnoses of a suspected malignant hyperthermia 
reaction 
Inadequate anaesthesia or analgesia 


Inappropriate breathing circuit, fresh gas flow or ventilation 
Infection or sepsis 








Occasionally, a ‘routine’ preoperative biochemical screen 
will reveal an increased raised serum creatine kinase 
concentration in an apparently asymptomatic patient. This 
could be indicative of MH, but investigation for MH need be 
done only if more common causes of creatine kinase 
elevation and uncommon causes requiring less invasive 
diagnostic techniques than MH (Table 1) are excluded. 


Presentation during anaesthesia 

There is no clinical feature that is specific for MH. 
Diagnosis depends on a knowledge of features that can 
occur during an MH reaction (Table 2), recognition of these 
features occurring in a pattern (including temporal relation- 





ships between individual manifestations) consistent with an 
evolving MH reaction, and exclusion of other causes of 
these clinical features (Table 3). Early diagnosis is import- 
ant, as prompt, appropriate treatment is associated with the 
best outcome. 

(i) Masseter spasm. In the absence of a family history of 
MH, the first indication that an individual may be suscep- 
tible to the condition is the development of an exaggerated 
initial response to succinylcholine, i.e. an increase in tension 
of the jaw muscles.!7 If sufficiently sensitive measuring 
equipment is used, jaw stiffness after administration of 
succinylcholine can be detected in most individuals.*! It is 
often more pronounced in children.” When the jaw 
stiffness is severe, and especially when it is prolonged, the 
condition is called masseter spasm. Doubt has been 
expressed as to the validity of masseter spasm as an 
indicator of potential MH susceptibility,®° !?? but this doubt 
was based on a false premise.>* © Interestingly, several of 
the patients included in the report by Littleford and 
colleagues® have been proven subsequently to be suscep- 
tible to MH. A further illustration of the need to consider a 
patient developing masseter spasm following succinylcho- 
line as potentially susceptible to MH is presented by 
Ramirez and colleagues.'” These workers reported the case 
of a trauma victim in whom tracheal intubation in the 
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accident and emergency department was difficult because of 
increased resistance to mouth opening following the use of 
succinylcholine. Anaesthesia was maintained using an 
infusion of.propofol during transfer to the CT scanner and 
from there to the operating theatre. Once in the operating 
theatre, for fixation of a humeral fracture, isoflurane was 
substituted for propofol and subsequently the typical 
metabolic features of MH developed. 1” 

(ii) Hypermetabolism. MH occurs because the triggering 
drugs cause an imbalance in Ca?* homeostasis within 
skeletal muscle cells.” '13 The increased intracellular Ca?” 
concentration stimulates metabolism both directly, through 
activation of phosphorylase to increase glycolysis, and 
indirectly, because of an increased demand for ATP 
production. ATPases are important components of myofila- 
ment relaxation and the Ca”* sequestration pumps of the 
sarcoplasmic reticulum and sarcolemma. Metabolic stimu- 
lation leads to increased carbon dioxide production 
(tachypnoea and increased end-tidal carbon dioxide con- 
centration) and early lactic acidosis (possibly related to 
acute intracellular inorganic phosphate deficiency). The 
resulting mixed respiratory and metabolic acidosis stimu- 
lates sympathetic outflow, leading to tachycardia. In 
humans, changes in arterial pressure are not usually marked 
in the early phases of MH; this may reflect opposing effects 
of increased sympathetic drive and locally mediated 
peripheral vasodilation secondary to tissue acidosis. 
Increasing body temperature is a relatively late indicator 
of the hypermetabolic response. ° 

(iii) Muscle rigidity and breakdown. Generalized muscle 
rigidity can occur in association with masseter spasm 
following succinylcholine and usually indicates MH sus- 
ceptibility.7’ As with masseter spasm, it resolves spontan- 
eously, usually within 5 min. A more insidious development 
of generalized skeletal muscle rigidity during maintenance 
of anaesthesia with potent inhalational anaesthetics is a 
sinister feature of MH. It indicates that the ability of the 
muscle to produce ATP, a function crucial to the reversal of 
the MH process even if Ca”* release can be halted, is almost 
exhausted. Sustained rigor also restricts the circulation to 
the muscle beds, resulting potentially in accumulation of 
toxic metabolic products and heat, and failure of delivery of 
oxygen and therapeutic agents to the muscle. 

Evidence of rhabdomyolysis can usually be obtained by 
measuring serum creatine kinase and urinary (or serum) 
myoglobin concentrations. The time-course of changes in 
the serum concentrations of these proteins has been 
described.” The magnitude of these changes following 
MH reactions is, however, quite variable, In some cases, the 
changes may be indistinguishable from those resulting from 
surgery,” but in others, especially when succinylcholine 
and a potent inhalational anaesthetic have been used in 
combination, the creatine kinase concentration may be a 
thousand times normal. Rhabdomyolysis also leads to 
extrusion of K* from the damaged muscle. Hyperkalaemia 


and sympathetic stimulation are the main causes of cardiac 
arrhythmias in MH. 


Postoperative presentations 

The onset of MH varies in its speed. In some cases, 
metabolic stimulation will be evident clinically within 10 
min of the edministration of a potent inhalational anaes- 
thetic; in others, several hours may elapse. It is plausible 
that the speed of onset reflects the rate of increase in 
intracellular Ca”* concentration, which will depend on the 
particular drug used, the concentration of the drug in the 
muscle and any number of physiological variables that 
dictate the efficiency of Ca?* homeostatic processes in the 
individual. Considered together with the complete range of 
duration of surgical procedures, this variability in timing of 
onset and rate of development of MH dictates that a 
procedure may conclude just before the symptoms of MH 
become apparent. In this situation, the reaction will progress 
while trigger drug concentrations in the muscle remain 
above a threshold value. It is possible that lower concen- 
trations of trigger drugs are needed to maintain a reaction 
than to initiate it because an increased intracellular Ca* 
concentration stimulates sarcoplasmic reticulum Ca?* 
release through the mechanism known as Ca”*-induced 
Ca”* release.” }”° Similarly, if very high intracellular Ca?* 
concentrations are reached, Ca**-induced Ca?” release may 
sustain an MH reaction even when the trigger drug has been 
eliminated, especially if Ca** sequestration is compromised 
by a reduced capability for ATP production. This is 
probably why recrudescence of signs can occur after their 
initial control. 

MH reactions that begin soon before or after the end of 
surgery do, however, present with the same features as 
intraoperative reactions. This is important because it means 
that postoperative pyrexia, in the documented absence of 
tachypnoea, raised end-tidal partial pressure of carbon 
dioxide and tachycardia, is not indicative of MH.’ It is 
important to stress that MH cannot be excluded as the cause 
of postoperative pyrexia if records of anaesthesia and the 
immediate postoperative period do not detail variables 
indicative of hypermetabolism. Occasionally, no metabolic 
features of an MH reaction are recognized during the 
perioperative period (they may, for example, be attributed to 
sepsis) and the patient will present 2—4 days after the 
operanoñ in acute renal failure secondary to rhabdomyo- 
lysis. 


Clinical diagnosis 

None of the clinical features of MH is specific to MH (Table 
2) and a variety of differential diagnoses exists (Table 3). 
Several attempts have been made to analyse clinical features 
of MH reactions for their use in diagnosis.) 4° 76 78 Bach of 
these studies used a different approach and three will be 
discussed further. Ellis and colleagues,*! based on a 
suggestion by Ording and Ranklev (see ref. 52), defined 
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eight categories of clinical presentation. Three of these 
included reactions that were predominantly metabolic, but 
of different severity; a further three categories were for 
masseter spasm, either alone, with other ‘muscle’ features 
(high creatine kinase, generalized muscle rigidity) or with 
metabolic signs; the other categories were unexplained 
anaesthetic death or cardiac arrest and ‘other presentations’, 
e.g. postoperative pyrexia or renal failure?! Four hundred 
and two index patients were assigned to these categories; for 
each category, the proportion of patients diagnosed as 
susceptible to MH using IVCTs was calculated. This 
approach has proved useful in providing a rough estimate 
of the likelihood of MH (and the need for definitive testing) 
in patients who have experienced an adverse reaction which 
was thought to be MH Further use of these data is limited 
because they were inevitably dependent on contemporary 
anaesthetic practice and the referral pattern to our unit. For 
example, I suspect that patients with lesser degrees of 
masseter spasm are referred now, compared with 15-20 
years ago, because of the prevalence of articles on this 
subject in the intervening period. 

Hackl and colleagues’ also compared results of IVCTs 
with clinical signs in index cases, but with a more 
sophisticated statistical approach. They generated logistic 
regression models in an attempt to predict MH susceptibil- 
ity. However, the best model could correctly classify only 
78% of subjects, highlighting the difficulty in predicting 
MH susceptibility from clinical features. 

Rather than analysing data from a sample of patients, 
Larach and colleagues used the Delphi process to generate 
iteratively a consensus clinical grading scale for MH.”° 
Eleven experts responded to a series of questionnaires in 
which they were asked to score the relative importance of 
potential clinical indicators of MH, with feedback and 
anonymous comments from the other members of the expert 
panel. Scoring was ultimately used to generate a qualitative 
indication of likelihood of MH susceptibility.”® This study 
has proved invaluable in validating the laboratory diagnos- 
tic techniques for MH susceptibility’ 1°? because ‘true’ 
diagnosis of MH susceptibility obtained using the ‘almost 
certain’ descriptor of the clinical grading scale’® was 
derived totally independently of contracture test results. 
However, the clinical grading scale can be criticized. First, 
no weighting is given to the temporal relationship of events, 
which can be used to exclude MH in some situations. 
Second, the score will be influenced greatly by missing data. 
Most importantly, the scores and rules for their application 
are somewhat ambiguous, leading to considerable variabil- 
ity in scoring, even among the 11 experts used to generate 
the clinical grading scale.” 


Pharmacological triggers of malignant hyperthermia 


The potent inhalational anaesthetic drugs are the most 
commonly implicated pharmacological triggers of MH. 
Indeed, there are no verified cases of death from MH where 


a potent inhalational anaesthetic has not been used. There 
remains uncertainty over some groups of drugs because of 
the potential limitation in extrapolating in vitro data to 
exclude a drug, that has been implicated on the basis of a 
clinical report, as a trigger. Over the past 30 years, many 
groups of drug have been implicated when one of their 
number was used as part of a combination of drugs 
providing anaesthesia for patients who subsequently devel- 
oped an MH reaction during surgery. The situation is 
complicated further by a lack of verification that the clinical 
reaction was a true MH response rather than being caused by 
other factors, such as sepsis, inadequate anaesthesia or 
analgesia or, more rarely, thyrotoxicosis or phaeochromo- 
cytoma. 


Potent inhalational anaesthetic drugs 

Although MH was not recognized until the introduction of 
halothane, it is likely that the classical anaesthetic vapours, 
diethyl ether and chloroform, in addition to other now 
unused ether derivatives, accounted for many fatal cases of 
MH.” 5 In vitro studies have demonstrated that ether and 
chloroform cause contracture in MH muscle (unpublished 
observations) and it is probable that these early MH 
reactions went unnoticed, because of the lack of routinely 
available monitoring systems and, perhaps, because death 
under anaesthesia was relatively common. Of the contem- 
porary potent inhalational drugs, halothane is the most 
potent at inducing sustained contraction in isolated muscle 
strips from MH patients. The frequency of implication of the 
individual volatile drugs as triggers in the clinical setting 
reflects, however, the frequency of their use in anaesthesia, 
with isoflurane being the most commonly implicated trigger 
in the UK at present. Sevoflurane, which has only recently 
been introduced into European and North American prac- 
tice, has been used for several years in Japan and has 
triggered MH reactions in several reported cases.” !”% The 
other recently introduced drug, desflurane, has also been 
reported to cause MH.® 4! °% 

In vitro challenge of skeletal muscle with halothane has 
formed the basis of diagnostic testing for MH for nearly 30 
years.” 30 Similar in vitro challenge tests have been used 
with other drugs to test their potential for triggering human 
MH.” When conducting such tests, it is vital that appro- 
priate concentration ranges of the test drug are used. This is 
relatively easy with potent inhalational drugs because the 
partial pressure of the agent used to produce clinical 
anaesthesia is easily extrapolated and this can be reproduced 
in the laboratory. With other drugs, account must be taken 
of the volume of distribution and, especially, the plasma 
protein binding when calculating the active clinical con- 
centration by extrapolation from the clinical dose range. 


Neuromuscular blocking drugs 

As discussed above, masseter spasm after the use of 
succinylcholine is often the first indication that a patient 
may be susceptible to MH. In vitro experiments demonstrate 
that succinylcholine will cause an increase in intracellular 
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Ca?* concentration in normal muscle*® and it seems 
reasonable to postulate that this Ca”* release is exaggerated 
in MH muscle. Recent research using skinned muscle fibre 
preparations from human masseter muscle indicates why the 
increase in tone following succinylcholine is most pro- 
nounced in this one group of muscles.‘ It appears that the 
masseter muscle contains a remarkably high proportion of 
type I fibres. The myofilaments of type I fibres are more 
sensitive to Ca** than those of type II fibres!!? and so any 
increase in intracellular Ca** ion concentration in type I 
fibres is likely to produce greater contractile activity than a 
similar increase in type II fibres. This may be compounded 
by an increased sensitivity of the sarcoplasmic reticulum 
Ca?* release channel in type I fibres to factors that promote 
Ca?* release, such as caffeine and Ca”* itself.* 

There is debate about whether succinylcholine alone 
produces the metabolic features of MH, but a recent well 
documented case demonstrates that this indeed does occur, 
albeit to a mild degree. What is clear is that administration 
of succinylcholine following an inhalation induction of 
anaesthesia with a volatile anaesthetic drug is more likely to 
produce masseter spasm and to produce the most rapid 
development of a severe MH reaction. 

Non-depolarizing neuromuscular blocking drugs are now 
generally accepted to be safe in MH. Some authorities 
recommend that tubocurarine be avoided in MH-susceptible 
individuals as this drug has been shown to cause a smail 
depolarization of denervated skeletal muscle** and was 
implicated in an early case report.'* With the decreasing 
clinical usage of tubocurarine, this point is, however, 
becoming of only historical interest. 


Phenothiazines 

Phenothiazines were implicated in some of the early reports 
of MH as they were one of several groups of drugs given to 
patients who developed suspected MH reactions. There was 
even a case report of an MH reaction after premedication 
with trimeprazine before general anaesthesia was in- 
stated.'°° It was because of these reports that phenothiazines 
and related drugs, including other major and minor 
tranquillizers, entered the literature as possible triggers of 
MH. Now that they have entered the literature, it has proved 
difficult to discount completely the possibility that these 
drugs do indeed trigger MH. It is most likely that they are 
not triggers of MH. Several arguments can be put forward to 
support this view. In many of the case reports implicating 
phenothiazines, potent inhalational anaesthetics were also 
used. There is also some doubt as to whether some of the 
reactions reported as MH were true MH responses; this 
includes the report of MH following premedication with 
trimeprazines.!°° No case of MH following phenothiazine 
use alone has been verified by contracture test diagnosis on 
the patient concerned. Phenothiazines have anticholinergic 
actions, including antidiaphoresis, which can—especially in 
children—limit heat loss to such an extent that the body 
temperature will increase. MH -has been confused with 


neuroleptic malignant syndrome,” which has similar clin- 
ical features to MH (pyrexia, muscle rigidity and rhabdo- 
myolysis) but develops over 24-72 h and results from the 
central antidopaminergic effects of major tranquillizer 
drugs.? 5 

In vitro studies of the effect of phenothiazines demon- 
strate that they can induce muscle contracture, but this 
occurs at concentrations far beyond those achieved with 
therapeutic concentrations of the drug.? These studies, 
however, have not dispelled completely the concern over 
phenothiazines and related drugs in MH. Perhaps the most 
reassuring factor in the use of phenothiazines and other 
major and minor tranquillizers in MH-susceptible patients is 
that there have been no reports of MH associated with usage 
of the drugs outside anaesthetic practice. Given the wide- 
spread use of these drugs and an incidence of MH of one in 
8500 ın the population, it would be anticipated that several 
cases should have occurred if the drugs were true triggers of 
MH. 


Intravenous anaesthetic drugs 

There is now vast experience of the safe use of the more 
commonly used intravenous anaesthetic drugs in patients 
who are known to be susceptible to MH. This includes the 
three most commonly used agents in current clinical 
practice, thiopental, etomidate and propofol. There was 
concern over the capacity of ketamine to induce a MH 
response, but the tachycardia and hypertension observed in 
MuH-susceptible pigs and humans is probably a result of the 
usual sympathomimetic response to ketamine. Indeed, there 
is evidence that ketamine will in fact reduce Ca?” release in 
skeletal muscle.” 


Local anaesthetics 

Ester local anaesthetics, specifically procaine, formed part 
of the limited treatment regimen for an MH reaction before 
the introduction of dantrolene,”’ 58 although its value was 
questioned.’® °? That ester local anaesthetics have some 
efficacy in MH is a result of their ability to reduce calcium 
release from the sarcoplasmic reticulum of skeletal 
muscle.'78 Jt is probably also for this reason that direct 
injection of ester local anaesthetics into myotonic muscles 
can relieve the myotonia.®! On the other hand, early 
experiments with lidocaine, an amide local anaesthetic 
drug, showed that it induced in vitro contracture in skeletal 
muscle.? This led to amide local anaesthetics becoming 
contraindicated in MH-susceptible individuals as potential 
triggering drugs. It was soon realized, however, that the 
initial in vitro studies with lidocaine used inappropriately 
high concentrations of the drug, which could induce in vitro 
contracture even in normal muscle. Subsequent studies in 
pigs susceptible to porcine stress syndrome demonstrated 
that lidocame did not tngger a reaction.” More recent 
experiments with mepivacaine indicate that MH muscle is 
perhaps more sensitive to the contracture-inducing effects 
of amide local anaesthetics (E. Hartung, personal commu- 
nication), but again the concentration of mepivacaine 
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required to produce contracture in MH muscle is still far in 
excess of that achieved systemically in normal clinical 
practice. 

We now use femoral nerve block with amide local 
anaesthetic to provide analgesia for the diagnostic muscle 
biopsy of patients potentially susceptible to MH as our 
standard practice in the UK MH Investigation Unit in Leeds. 
Initially, lidocaine and bupivacaine were used. Lidocaine 
has since been replaced by prilocaine, which has a higher 
therapeutic index for neurological and cardiac complica- 
tions. We have used prilocaine 5 mg kg™ in >1000 patients 
who proved to be susceptible to MH. This dose of prilocaine 
is sufficient to cause clinically apparent methaemaglobi- 
naemia in some patients® and, in one case, inadvertent 
intravascular injection led to fitting, but there has been no 
indication of triggering of MH in any patient. 


Other drugs 

As alluded to earlier, anticholinergic drugs can exacerbate 
pyrexia because of their anti-diaphoretic action. This may 
make treatment of an MH reaction triggered by, for 
example, potent inhalational anaesthetics, more difficult 
but should not preclude their use in MH-susceptible 
individuals.!°? There has also been uncertainty over the 
use of catecholamines and other sympathomimetic drugs 
which has arisen in the context of conflicting evidence from 
studies in pigs with porcine stress syndrome (porcine 
MH).”6 46 47 85 88 Ag porcine stress syndrome is triggered by 
stress, whereas human MH is not, it would seem reasonable 
to assume that MH-susceptible humans would be less likely 
to respond abnormally to catecholamines than are pigs. The 
lack of response in pigs with porcine stress syndrome to 
intravenous infusion of norepinephrine*® is reassuring from 
the human perspective. 

One group of drugs that could trigger MH are those 
having similar structure or actions to caffeine, one of the 
compounds used for in vitro diagnosis of the condition. 
Theophylline and aminophylline do indeed cause in vitro 
contracture in muscle and, at lower concentration, in muscle 
from MH individuals (unpublished observations), but these 
concentrations are several times greater than those achieved 
with therapeutic use. Caffeine and other methylxanthines 
are non-specific phosphodiesterase inhibitors and it is 
possible that this effect contributes to the sensitivity of 
MH muscle to caffeine. Specific inhibitors of type DI 
phosphodiesterase have gained a place in the management 
of heart failure and as inotropes in cardiac surgery. One of 
these, enoximone, has been evaluated for its effect on 
isolated human muscle from normal and MH-susceptible 
individuals.** As with the methylxanthines, enoximone 
produced a concentration-dependent contracture, with the 
dose-response curve shifted to the left in muscle from MH- 
susceptible individuals. The minimum concentration for 
contracture development was 100 times greater than has 
been measured with clinical use of enoximone.** 


Advances in the laboratory diagnosis of MH 


The two widely used protocols for the diagnosis of MH 
susceptibility using IVCTs with living skeletal muscle?” 7°” 
both use separate exposure to halothane and to caffeine. The 
protocol of the North American MH Group also allowed for 
a combined cafferne—-halothane test,” but this has been 
largely abandoned because of a high incidence of false- 
positive results.*” ’’ The separate-exposure halothane and 
caffeine tests also have their imperfections. Results of IVCT 
that have been done on patients with a low risk of MH 
(‘controls’) suggest a false-positive rate of approximately 
6% using the European protocol! and 9% using the North 
American protocol.” In results from the Leeds MH 
Investigation Unit, 14% of patients with an abnormal 
response to halothane reacted normally to caffeine, indicat- 
ing that the caffeine test lacks total sensitivity. A report of 
complete failure of the European MH Group protocol to 
detect cases of MH susceptibility,’° however, has not stood 
up to close scrutiny, both in terms of strict application of the 
test protocol and the clinical diagnoses of MH. 

The halothane and caffeine IVCTs have proved satisfac- 
tory for clinical diagnostic purposes over the past 30 years. 
The lack of specificity of both tests and the lack of 
sensitivity of the caffeine test do, however, pose problems 
for genetic studies of MH where accurate phenotyping 1s 
essential. One approach to improving accuracy is to assess 
other drugs that induce in vitro muscle contracture for their 
ability to distinguish MH-susceptible from normal muscle. 
Two drugs, ryanodine and chlorocresol, have shown real 
potential. 


Ryanodine 

Ryanodine, formerly used as an insecticide, was shown ın 
the late 1950s to cause time- and dose-dependent contrac- 
tures of normal rabbit and rat skeletal muscle.’’* It was 
subsequently suggested that ryanodine could be used to 
produce an animal model for MH.'¢ *8 Unfortunately, this 
idea was not developed further and ryanodine was neglected 
by MH researchers until the late 1980s when it was 
described as having great affinity for the sarcoplasmic 
reticulum calcium release channel.” Indeed, ryanodine was 
so important in the purification and characterization of this 
calcium release channel that it became known as the 
ryanodine receptor protein.’* It was then not long before 
the ryanodine receptor protein was suggested to be the site 
of the MH defect because [°H]ryanodine was shown to have 
greater affinity for the protein from pigs with porcine stress 
syndrome than for that from normal pigs.” 

With the publication of these studies it seemed clear that 
ryanodine was worth investigating for its effect on human 
MH muscle. Following initial dose-finding studies using rat 
diaphragm and human tissue, a protocol was devised for a 
pilot study to compare responses to ryanodine of muscle 
from MH-susceptible and normal individuals.” The results 
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of the pilot study suggested that the ryanodine contracture 
test could be specific for MH. It was also interesting that 
muscle from two patients with equivocal responses to the 
standard halothane and caffeine tests (MHE) behaved in a 
similar way to that of the susceptible patients. A larger 
series of patients was included in a further study using a 
refined ryanodine application protocol.™ The results again 
gave credence to the possibility that ryanodine contracture 
testing was able to distinguish MH-susceptible from 
normal patients. Furthermore, they appeared to identify 
two populations within the MHE group, which suggested 
the test had the potential to distinguish positive and negative 
patients within this group—a great asset for future genetic 
analyses. 

Similar results were reported subsequently by other 
groups,°° 82 124 125 but each group was using its own 
protocol. Differences in the protocols included the purity of 
the ryanodine used, the concentrations of ryanodine applied, 
whether a bolus or incremental addition of ryanodine was 
used and the criteria for determining the end-points of the 
test. Although most studies reported good discrimination of 
MH-susceptible and normal patients, it was very difficult to 
compare the results between groups. 

At its meeting in Padua in 1993, the European MH Group 
agreed the necessity for a common protocol for the 
ryanodine contracture test if the compound was to be 
evaluated as an additional test drug. There was a need to 
confirm that ryanodine could distinguish between MH- 
susceptible and normal in a large series of patients and that 
the test was reproducible between laboratories. The results 
of the multicentre evaluation of this protocol were published 
in 1998.°’ The study enabled the determination of cut-off 
values that can be used to categorize a ryanodine contracture 
test response as MH-susceptible or normal with varying 
degrees of probability. 

There were statistical differences found in ryanodine 
responses between several centres, but in the majority of 
cases these were not large enough to compromise the use of 
common parameters for discriminating between ‘normal’ 
and ‘abnormal’ ryanodine contracture responses.” An 
analogous situation exists with the diagnostic halothane 
and caffeine tests. In these tests, common threshold 
concentrations of halothane and caffeine are successfully 
used by all centres, but the size of contracture developed at 
threshold concentrations does vary between centres. The 
ryanodine contracture test results of one centre, however, 
were markedly different from those of the other centres. 
These differences were so marked that, at the time of 
publication of the paper,°’ they raised a great deal of 
uncertainty about the use of the ryanodine contracture test. 
It has transpired subsequently that the centre producing the 
disparate results had been stimulating the muscle at 10 times 
the agreed rate. The study of Sudo and Nelson?!’ demon- 
strated how this can influence responses to ryanodine. The 
North American MH Group have subsequently adopted the 
European MH Group protocol for the ryanodine contracture 


test for the use of their members who wish to use a 
ryanodine test. 


Future use of the ryanodine contracture test 

We have examined the predictive probability of the various 
contracture tests in determining MH susceptibility. 
Interestingly. the rank order of correlation with MH 
diagnosis of the four tests studied was ryanodine > dynamic 
halothane > static halothane > caffeine test. Although we 
would not advise abandoning tests with halothane and 
caffeine, our results suggest that an additional ryanodine 
contracture test is of value. Furthermore, in the same 
paper,°° we demonstrated how ryanodine contracture test 
results could be combined with results of the other tests in a 
mathematical model to produce a sensitive and specific 
estimate of the probability of an individual being truly MH 
susceptible. This has potential application in producing a 
quantitative phenotype for genetic analyses which would 
enable the inclusion of MHE patients in such analyses. A 
further use for the ryanodine contracture test is in compari- 
son of results produced by the two major protocols for IVCT, 
those of the North American and European MH Groups.” 


Chlorocresol 


4-Chloro-m-cresol (4-CmC) is used as a preservative in 
some pharmaceutical preparations of, for example, insulin, 
heparin and succinylcholine. It affects the Ca?* release 
channel of skeletal muscle sarcoplasmic reticulum and 
causes time- and dose-dependent muscle contracture. ° 
Early studies, each using a different protocol, have shown 
promise similer to ryanodine.** 1% 19 126 Multicentre 
evaluation of a common protocol is in progress, 


Molecular genetics of MH 


Early genetic linkage studies found linkage to chromosome 
19q12.1-13.2,°° ?” the locus of the ryanodine receptor gene 
(RYR1), the gene encoding the skeletal muscle sarcoplasmic 
reticulum Ca”* release channel.® As further families have 
been investigated, though, it has become apparent that the 
molecular genetics of MH are more complex. To date, 
fewer than 60 families worldwide have proved large enough 
to provide informative genetic data. These data have 
demonstrated genetic heterogeneity” $° with the results 
from 30-80% of families consistent with linkage to RYR1. In 
families where linkage data have excluded the RYRJ locus, 
further linkage analysis to loci of physiologically plausible 
candidate genes, such as the subunits of the dihydropyridine 
(DHPR) membrane Ca?” channel, have been carried out. No 
linkage has been verified (but see references 72 and 84) to 
the B or y subunits,* !!° but one German pedigree is 
significantly linked to the region of the gene encoding the 
02/8 subunit; this locus is found on chromosome 7q.° A 
genomic search identified linkage in a French family to the 
gene encoding the «1 DHPR subunit on chromosome 1q/?° 
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and a mutation in this gene was subsequently found in MH- 
susceptible members of this family.” 

Genomic searches have identified two further loci, on 
chromosomes 3q'!” and Sp,''° to which MH susceptibility 
was linked in one family in each case. Subsequent studies 
using other families have failed to find other pedigrees in 
which MH susceptibility is linked to these loci. 

Developments have also taken place in the search for 
mutations of RYR/ that may be causative of MH. The first 
human mutation was found‘? following the discovery that 
an arginine to cysteine substitution ın amino acid position 
614 of RYRI in pigs was associated with porcine stress 
syndrome. *? The mutation underlying this substitution, 
C1840T, in humans has been found in 14 out of 333 
susceptible individuals from separate MH pedigrees in 
Europe (European MH Group, unpublished data). Fifteen 
further mutations have been found in one or more MH 
families.’”4 °? 99 106-108 Of these mutations, the commonest 
is the G1021A mutation, which has been found in 19 out of 
298 susceptible individuals screened in Europe (European 
MH Group, unpublished data). When the extended pedi- 
grees of these families are examined, however, there is 
discordance between inheritance of the mutation and MH 
susceptibility in five families (European MH Group, 
unpublished data). There is a similar situation with the 
C1840T mutation?“ °” where discordance is present in four 
out of 14 families investigated (European MH Group, 
unpublished data). Our study of a large UK pedigree’ in 
which the G1021A mutation is found in only seven of 12 
MH-susceptible individuals, points to a second underlying 
genetic abnormality causing MH in this family. While it is 
difficult to envisage that the mutations so far described in 
RYRI do not play a role in MH, and while this is supported 
by functional expression studies,'”° '?! there is such a high 
rate of discordance of the two more common mutations that 
these may well be only modifying factors in expression of 
the disorder. 

The complexity of the molecular genetics of MH 
described above precludes DNA-based diagnosis at present, 
especially when one considers the possibility of one gene 
defect being associated with susceptibility in only a 
proportion of individuals and another, as yet unidentified, 
defect being causative of the condition. This is complicated 
further by the well-established presence of genetic hetero- 
geneity. The first step in a DNA-based diagnosis, therefore, 
will rely on initial identification of the abnormality, or 
abnormalities, causing MH in individual pedigrees. It is 
likely that the first reliable DNA-based diagnoses will be 
carried out in individuals from families that have been 
extensively investigated by both IVCT phenotyping and 
linkage analysis followed by mutation screening. 
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Neuroleptic malignant syndrome (NMS) is a relatively rare 
but potentially fatal complication of the use of neuroleptic 
drugs. It was first described by Delay and colleagues after 
the introduction of neuroleptics in 1960; they called it 
‘akinetic hypertonic syndrome’.'© Over the last decade, 
almost 1000 cases of NMS have been reported, but many 
features of this syndrome remain controversial. Indeed, a 
graded scale of specific signs and symptoms for the 
diagnosis of NMS and a spectrum of clinical severity are 
two issues that await resolution.! * Many diagnostic criteria 
have been proposed, but no single set of criteria has been 
adopted for general use. Different presentations of this 
disorder could explain some of the contradictory findings 
associated with NMS; these include the following: () 
prospective studies have provided disparate estimates of the 
frequency of NMS, ranging from 0.07%” to 2.2%76 among 
patients receiving neuroleptic agents; (1i) risk factors for 
NMS vary in different patient populations;”® and (iii) the 
association between NMS and other potentially fatal 
syndromes, such as malignant hyperthermia, is unclear. 


Pathogenesis of NMS 


Two major, though not necessarily competing, theories to 
explain NMS are a neuroleptic-induced alteration of central 
neuroregulatory mechanisms and an abnormal reaction of 
predisposed skeletal muscle. This latter hypothesis is based 
on similarities between NMS and malignant hyperthermia 
and suggests that neuroleptic medications induce abnormal 
calcium availability in muscle cells of susceptible individ- 
uals and trigger muscle rigidity, rhabdomyolysis and 
hyperthermia. Alternatively, in some circumstances, it is 
possible that neuroleptics could be directly toxic to normal 
skeletal muscle. 


Central dopamine receptor blockade 


Dopamine plays a role in central thermoregulation in 
mammals. A dopamine injection into the preoptic—anterior 


hypothalamus causes a reduction in core temperature." 
Since neuroleptic drugs block dopamine receptor sites, the 
hyperthermia associated with NMS may result from 
a blockade of hypothalamic dopamine sites. This was 
suggested 20 yr ago by Henderson and Wooten, who 
reported a patient with Parkinson’s disease and chronic 
psychosis who developed NMS when dopaminergic 
agonists were withdrawn but haloperidol was continued.” 
NMS has also been observed in a patient with Huntington’s 
chorea taking methyltyrosine, a cathecholamune synthesis 
inhibitor, and tetrabenazine, which depletes central nervous 
system catecholamines.'° This suggests that NMS is 
caused by dopamine depletion or blockade, leading to 
abnormal central thermoregulation. The dopamine blockade 
theory is supported by the report of a case in which NMS 
developed when L-dopa/carbidopa and amantadine 
were abruptly discontinued in a patient with Parkinson's 
disease who had never taken neuroleptics? Some 
dopamine-function-enhancing drugs, such as bromo- 
criptine® or amantadine,*® have shown efficacy in treating 
NMS. 

The blockade of dopamine receptors in the hypothalamus 
is thought to lead to impaired heat dissipation. In addition, 
blockade of dopamine receptors in the corpus striatum is 
thought to cause muscular rigidity, generating heat. The 
excess heat production, in association with a decrease in heat 
dissipation, produces hyperthermia, which is one of the 
main signs of the syndrome. The peripheral anticholinergic 
effects of neuroleptics which reduce sweating probably 
do not play a major role in hyperthermia associated with 
NMS since most NMS patients (70%) are in a sweat. 
However, it is unlikely that blockade of dopamine receptors 
in the hypothalamus and corpus striatum could completely 
explain all the signs of NMS. Indeed, hypothalamic 
thermoregulation involves noradrenergic, serotoninergic, 
cholinergic and central dopaminergic pathways ” Many 
neuroleptics may have additional selective effects on 
peptides co-transmitting with dopamine in the striatum 
and other parts of the brain. 
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Primary skeletal muscle defect similar to malignant 
hyperthermia 


A common pathophysiology of NMS and malignant 
hyperthermia has been suggested.'> 17 4? This hypothesis 
is based mainly on three points: (i) NMS and malignant 
hyperthermia have clinical features in common, including 
hyperthermia, rigidity, an elevated creatine kinase concen- 
tration and a mortality rate for both NMS and malignant 
hyperthermia of 10-30%; (ii) sodium dantrolene, a periph- 
eral muscle relaxant, has been used successfully in both 
syndromes; (iii) abnormal results have been found in in vitro 
contractility tests in patients with NMS or malignant 
hyperthermia. These in vitro halothane—caffeine tests are 
at present the most reliable diagnostic measure for patients 
susceptible to malignant hyperthermia.” They determine 
the sensitivity of muscle fibres to halothane or caffeine 
added to the bathing solution. Muscle fibres from patients 
susceptible to malignant hyperthermia contract in response 
to these drugs at a lower concentration than those from 
normal patients. Hence, in order to evaluate a possible 
association between NMS and malignant hyperthermia, 
several investigators have used such tests on skeletal muscle 
fibres removed from patients with documented NMS 
episodes. However, conflicting results have been reported 
regarding the prevalence of malignant hyperthermia sus- 
ceptibility among NMS patients.* f '* Three main series and 
some sporadic case reports have been published. Caroff and 
colleagues’? found that five of seven NMS patients were 
susceptible to malignant hyperthermia on the basis of a 3% 
halothane response. Araki and colleagues’ showed, using a 
caffeine skinned fibre technique, that there was abnormal 
contracture in six NMS patients similar to that seen in 
malignant hyperthermia. Our laboratory” 3” found that 13 of 
14 NMS patients were not susceptible to malignant 
hyperthermia and the other was equivocal. 

One possible explanation for these discrepancies is that 
patients diagnosed as having NMS may be a heterogeneous 
group with great variability in clinical presentation, 
response to treatment and, possibly, response to test drugs. 
Some of the variation in the in vitro results from different 
centres may be attributable to variations in laboratory 
procedures. The variety of tests used for diagnosing 
malignant hyperthermia diagnosis included using caffeine 
alone,” halothane and caffeine on separate muscle bun- 
dles,** halothane with cumulative concentrations of caf- 
feine, or caffeine on skinned muscle fibres. The 
sensitivity of this latter method may be inadequate as the 
technique itself excludes any detection of a possible defect 
in the sarcolemma.* Differences were also observed in the 
criteria used for diagnosing malignant hyperthermia based 
on in vitro contracture tests:'? some centres used the 
development of a contracture of >0.5 g force in response to 
1% halothane as a threshold while others chose >0.7 g force 
in response to 3%. halothane. The European malignant 
hyperthermia group’” required, for an abnormal response to 


halothane, a contracture of 20.2 g force in response to <2% 
halothane. In other sporadic case reports, the protocol and 
diagnostic criteria were not fully explained. 

The time interval between adverse reaction to the 
neuroleptic drug and the biopsy was either not specified,’ 
or was 1 month!? or 2-3 weeks.” °? Caroff and colleagues’? 
found no correlation between the maximum halothane 
response and the time between normalization of creatine 
kinase concentration and biopsy. However, contracture test 
results in NMS patients may be falsely positive and reflect 
coincidental changes in muscle resulting from NMS. For 
example, Gallant and colleagues’? reported that muscle 
fibre injury during biopsy and in vitro testing procedures 
enhances halothane sensitivity and could contribute to false- 
positive contracture test results. Denborough, Collins and 
Hopkinson?” reported positive results in two patients who 
recovered from non-drug-related episodes of rhabdomyo- 
lysis. Adnet and colleagues? found that 1f cut fibre 
specimens depolarize with time after biopsy, these prepar- 
ations become less sensitive to caffeine, and so one must be 
cautious when interpreting the results of in vitro caffeine 
contracture test. This suggests that non-specific muscle 
damage secondary to metabolic factors, drug exposure, 
abnormalities in central nervous system activity or testing 
procedures may have contributed to the abnormal responses 
observed in vitro in muscle obtained from survivors of NMS 
episodes. Since our previous reports, 19 additional patients 
have been investigated according to the European malignant 
hyperthermia protocol. None of these patients were suscep- 
tible to malignant hyperthermia and two patients were 
equivocal. Statistical analysis for inferences based upon 
negative results can be performed. The increase in our study 
group size from 14 to 33 patients decreases the likelihood of 
malignant hyperthermia occurring in NMS patients from 
31% to <10% with 95% confidence. Our study does not 
justify abandoning precautions against malignant hyperther- 
mia in NMS patients. Mathematical analysis suggests that 
59 consecutive NMS patients would have to test negative, 
with a similar in vitro protocol, in order to exclude 
statistically any cross-reactivity between malignant hy- 
perthermia and NMS. Until such results are available, we 
suggest that all patients with clinical NMS should be tested 
for susceptibility to malignant hyperthermia before being 
considered at risk of this disorder during anaesthesia. 


Direct toxic effect on skeletal muscle induced by 


‘ neuroleptics 


Muscle contracture has been induced in vitro by neuroleptic 
agents such as chlorpromazine.*' The drug is reported to 
influence calcium ion transport across the sarcoplasmic 
reticulum, and has been studied in various experimental 
muscle preparations. In a study on skinned fibres, 
chlorpromazine influenced both the contractile system and 
the function of the sarcoplasmic reticulum.“ However, it 
has been shown previously that the drug induced contracture 
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to the same extent in both NMS and normal muscle.” 
Likewise, Caroff and colleagues? also found no significant 
differences in the muscle response to another neuroleptic 
drug, fluphenazine, between NMS, malignant hyperthermia- 
susceptible and control patients. 

To explore further a possible direct action of neuroleptic 
drugs on skeletal muscle, we analysed the in vitro muscle 
contracture response to four neuroleptic agents implicated 
in NMS episodes.*° Muscle from NMS patients was no 
more sensitive to neuroleptic drugs than muscle from 
normal patients. These negative findings may indicate that 
the in vitro contracture response to neuroleptic agents does 
not correlate with clinical evidence of NMS. However, this 
may also show that neuroleptics are potentially active on 
skeletal muscle. Thus, it is possible that, in some circum- 
stances, such as exhaustion, psychomotor agitation or 
dehydration, which are not explored by the in vitro method, 
neuroleptics may be toxic to skeletal muscle, leading to 
contracture and rhabdomyolysis. Therefore, neuroleptic 
contracture tests may not adequately reproduce conditions 
in vivo. Many factors present in vivo, such as neuroleptic 
metabolites, central dopaminergic blockade and risk factors 
for NMS, should be taken into consideration in developing 
more precise pharmacological models to explore possible 
interactions between neuroleptics and skeletal muscle 
function. Of particular interest is the fact that rechallenge 
with the original agent may not result in a recurrence of 
NMS. This suggests that neuroleptics may be a necessary, 
but not exclusive, cause of the syndrome. '* 3 


In vivo experimental model for NMS 


Very recently, an experimental model for NMS has been 
developed. Rabbits treated with haloperidol and exposed to 
high ambient temperature may be useful in elucidating the 
pathogenesis of NMS.*° 


Molecular basis of NMS 

The molecular basis for NMS 1s unclear, but studies suggest 
that genetic factors are involved in its pathogenesis.”’ 
Involvement of the serotonergic system in NMS has been 
suggested, but polymorphisms in the 5-HT1A and 5-HT2A 
receptor genes do not determine susceptibility to NMS.” 
Other studies do not support an association between NMS 
and the mutations in the ryanodine receptor gene reported 
with malignant hyperthermia.’ 


Clinical features 


NMS typically develops over a period of 24-72 h but 
many investigators have described a more insidious 
evolution of symptoms. The risk of developing NMS 
has been reported to last for 10-20 days after oral 
neuroleptics are discontinued and even longer when 
associated with depot forms of the drugs. Consistent 
diagnostic criteria have been used only in some clinical 


Table 1 Cntena for guidance in the diagnosis of neuroleptic malignant 
syndrome The presence of all three major, or two major and four minor, 
manifestations indicates a high probability of the presence of neuroleptic 
malignant syndrome, if supported by clinical history (eg not indicative of 
malignant hyperthermia) (from reference 34) 








Category Manifestations 

Major Fever, rigidity, elevated creatine phosphokinase concentration 

Minor Tachycardia, abnormal arterial pressure, tachypnoea, altered 
consciousness, diaphoresis, leucocytosis 

studies.” °! Three major symptoms indicate a high 


probability of the presence of NMS. hyperthermia, 
rigidity and an elevated creatine phosphokinase concen- 
tration, reflecting rhabdomyolysis’ (Table 1). In the 
absence of these criteria, the diagnosis of NMS should 
be questioned, since other symptoms of the disorder 
may be seen in patients taking neuroleptics without 
having NMS. Elevated temperature (238.5°C) in the 
absence of other systemic illness is observed in most 
patients. Muscle rigidity consists of a generalized ‘lead 
pipe’ increase in tone which may result in decreased 
chest-wall compliance with resulting tachypnoeic hypo- 
ventilation and pulmonary infection secondanly. This 
increase in muscle tone may be accompanied by 
extrapyramidal symptoms including dyskinesia, dysar- 
thria or Parkinsonism. The creatine phosphokinase 
concentration is always elevated (>1000 IU litre”), 
reflecting myonecrosis secondary to intense muscle 
contracture. This often results in acute myoglobinuric 
renal failure. Minor signs alone do not indicate a high 
probability of NMS. Diaphoresis, tachycardia and abnor- 
mally high arterial pressure are common signs of 
autonomic dysfunction. Altered consciousness ranges 
from agitation to stupor or coma. Many other clinical 
signs of lesser frequency have been reported, including 
opisthotonos, grand mal seizures, Babinsk’s signs, 
chorea and trismus. 

Leucocytosis, ranging from a slight elevation to 30 000 
mm”, is the only frequent laboratory finding included in the 
minor signs of NMS. Other non-specific laboratory abnor- 
malities have been reported, such as mildly elevated hepatic 
enzymes (transaminase, lactic dehydrogenase and alkaline 
phosphatase). Non-specific encephalopathy may occur. 
Lumbar puncture should be done for the differential 
diagnosis but is usually normal in NMS. Cerebral CT scan 
is normal; non-specific changes are usually observed in 
muscle biopsy or post-mortem histopathological studies of 
the brain. 

Some authors are in favour of an approach whereby a 
diagnosis of NMS is only made if certain signs are present. 
For example, Levenson™ suggests that the presence of all 
three major, or two major and four minor signs (Table 1) 
indicates a high probability of NMS. These criteria for 
guidance in the diagnosis of NMS are commonly used in 
clinical research studies? '? Similarly, Pope, Keck and 
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McElroy” have published ‘definite’ and ‘probable’ criteria 
for NMS. Others still prefer to think in terms of a spectrum 
of neuroleptic-related neurotoxicity, with varying combin- 
ations that enhance the potential for inappropriate diagnosis 
or management. 

A decrease in mortality from NMS has been reported in 
recent years. NMS resulted in a 76% mortality before 1970, 
a 22% mortality from 1970 to 1980, and a 15% mortality 
since 1980. Shalev, Hermesh and Munitz™ reported a 
significant decrease in mortality since 1984 (to 11%), which 
occurred independently of the treatment used: dopamine 
agonist or dantrolene. Renal failure is a strong predictor of 
mortality, representing a mortality risk of approximately 
50%. 


Medications and risk factors 


A wide variety of antipsychotic agents is associated with 
this syndrome, including phenothiazines, butyrophenones, 
thioxanthenes, benzamides and miscellaneous novel 
antipsychotic agents such as clozapine and risperidone.” 
Other circumstances, such as abrupt discontinuation of 
neuroleptic or antiparkinsonian agents, and the use of 
dopamine-depleting agents, have also been reported to 
produce NMS. The onset of the syndrome is not related 
to the duration of exposure to neuroleptics or to toxic 
overdose. All ages (including children) and both genders 
are affected in NMS but young adult males predominate 
among reported cases. Cases have been reported in both 
psychiatric and medical patients including after multiple 
trauma or preoperative use of neuroleptic agents. 
Alcoholic patients are at greater risk of developing 
NMS during treatment of delirium or its prevention by 
droperidol or tiapride.? Abnormalities of muscle metab- 
olism in alcoholic patients are caused by ethanol toxicity 
and malnutrition.® This may sensitize the muscle to the 
action of neuroleptics. In a psychiatric population, 
several studies® °° *? showed that patients with NMS 
displayed significantly greater psychomotor agitation, 
received significantly higher doses of neuroleptics at 
greater dose increments, and received more intramus- 
cular injections than other patients having similar 
medication without evidence of NMS. Many authors 
have pointed out that most cases have occurred in 
patients receiving haloperidol or, to a lesser extent, 
depot fluphenazine. These clinical observations do not 
necessarily mean that the two drugs carry a higher risk 
of causing NMS. One must consider the frequency with 
which the drug is prescribed: haloperidol is one of the 
most commonly used medications. Furthermore, sicker 
patients are more likely to receive haloperidol or 
fluphenazine than other neuroleptics. Sicker patients 
may also be at higher rsk of NMS because of 
greater likelihood of dehydration, exhaustion or 
malnutrition.'! 1? 3*4 Other suggested predisposing factors 


include infection, concurrent organic brain disease or 
sympathoadrenal hyperactivity.” 


Differential diagnosis 

Patients on neuroleptics who develop hyperthermia, muscle 
rigidity and autonomic dysfunction should have all 
psychotropic medications withdrawn immediately until 
rigorous diagnostic investigation reveals a specific aetiol- 
ogy. Disorders that can be mistaken for NMS include 
rhabdomyolysis from other causes, central nervous system 
infections, a cerebral mass, tetanus and lithium toxicity. 
Other specific illnesses should be considered in the differ- 
ential diagnosis of NMS, including neuroleptic-related heat 
stroke, catatonia, drug interactions with monoamine oxidase 
inhibitors, the central anticholinergic syndrome and anaes- 
thetic-induced malignant hyperthermia. In order to make a 
diagnosis, the physician who is evaluating a patient with 
suspected NMS should carry out the following tests in 
addition to a careful history and physical examination: 
creatine phosphokinase concentration; white blood cell 
count; renal function; EEG; CT scan; lumbar puncture; and 
serum lithium concentration. 


Neuroleptic-induced heat stroke 


Classic heat stroke is a life-threatening condition in which 
heat gain from metabolism and the environment exceeds 
heat loss by evaporation and convection. Neuroleptics 
predispose to hyperthermia by their anticholinergic proper- 
ties, which block sweating and heat dissipation, and by their 
antidopaminergic properties, which interfere with hypotha- 
lamic thermoregulation. Contributing factors include hot, 
humid weather and excessive agitation or exercise not 
accompanied by adequate fluid intake. When an acutely 
catastrophic disorder associated with hyperthermia and 
altered consciousness develops in a patient taking neuro- 
leptics, early differential diagnosis between NMS and 
neuroleptic-induced heat stroke is imperative if potentially 
life-saving treatment, which differs according to the condi- 
tion, is to be given promptly. Neuroleptic-induced heat 
stroke can be differentiated from NMS by abrupt onset, 
often with seizures, the absence of extrapyramidal signs, 
absence of sweating, and a history of physical exercise or 
exposure to high ambient temperature.** Heat stroke needs 
rapid, effective cooling methods initiated as early as 
possible with continuous monitoring of the core temperature 
and vigorous fluid replacement for both rehydration and a 
more rapid reduction in temperature. 


Acute lethal catatonia 


Lethal catatonia is a very rare psychiatric syndrome that 
shares some features with NMS, including hyperthermia, 
akinesia and muscle rigidity. Catatonic states as a result of 
severe akinesia are most common in patients on neurolep- 
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tics. Since laboratory findings, CT scans, EEGs and other 
somatic data have not yet been of value in differentiating the 
two conditions, the diagnosis requires careful detailing of 
the patient’s condition in the preceding 2~3 weeks.'® The 
catatonic syndrome may be preceded by emotional with- 
drawal, depressive symptoms, neglect of previous hobbies, 
anxiety symptoms or acute agitation. These signs do not 
differ from those of other patients with schizophrenia but 
they seldom last for >2 weeks. The complete picture is more 
likely to involve choreiform sterotypy, primitive hyperki- 
nesias, torsion spasms and rhythmic circling movements of 
the arms. Death may result from respiratory arrest or 
cardiovascular collapse. 


Drug interactions with monoamine oxidase 

inhibitors 

Agitation, delirium, hyperthermic reactions and death have 
been described as adverse effects of monoamine oxidase 
inhibitors in combination with narcotic drugs or tricyclic 
antidepressants. It has been suggested that the amine 
reuptake inhibitory properties of tricyclic antidepressants 
could interact dangerously with the sympathomimetic 
properties of monoamine oxidase inhibitors. Similar signs 
may be seen with overdosage of monoamine oxidase 
inhibitors. Patients taking neuroleptics may also be receiv- 
ing treatment with monoamide oxidase inhibitors. 


Central anticholinergic syndrome 

Peripheral signs of atropine poisoning characterize the 
syndrome, including dry skin, dry mouth, dilated pupils and 
urinary retention. The patient is usually confused and 
disorientated (anticholinergic delirium) and the temperature 
is often elevated. Physostigmine may induce a resolution of 
symptoms that is not observed in NMS. 


Treatment 


Successful treatment of NMS depends on early clinical 
recognition and prompt withdrawal of the neuroleptic 
agents. Neuroleptics cannot be removed by dialysis, and 
blood concentrations decline only slowly. General symp- 
tomatic treatment, such as hydration, nutrition and reduction 
of fever, is essential. Secondary complications, such as 
hypoxia, acidosis and renal failure, must be treated aggres- 
sively. Low-dose heparin seems to be indicated to prevent 
venous thrombosis in an immobilized patient. Other 
dopamine antagonists, such as metoclopramide, should be 
avoided. In Caroff’s review of 60 cases,” supportive 
therapy was the predominant treatment modality. The 
benefit of adding specific therapies to supportive measures 
is still debated. Insufficient data are available to evaluate the 
efficacy of specific treatments reported in the literature. 
Potential benefits from their use cannot, therefore, be 
excluded, Only one study evaluated treatment options for 


NMS."*! In a series of 64 cases derived from an extensive 
review of the literature, 11 patients received only supportive 
therapy. The others received additional therapies including 
dantrolene (14 patients), bromocriptine (22 patients), 
benzodiazepine (one patient) and combinations of the 
above (nine patients). Efficacy was evaluated in each case 
by determining the delay in the clinical response and time to 
complete recovery. Therapy with bromocriptine (5 mg 
orally or nasogastrically four times daily) was effective after 
approximately 1 day. This was significantly more rapid than 
that achieved by supportive therapy alone. Complete 
resolution was achieved more quickly with bromocriptine 
(10 days) or dantrolene (9 days; 2-3 mg kg” day” i.v. 
without exceeding 10 mg kg”! day~') than with supportive 
therapy (15 days). 

The place of sodium dantrolene, the drug of choice for 
malignant hyperthermia, is less well defined ın the treatment 
of NMS. Sodium dantrolene inhibits calcium release from 
the sarcoplasmic reticulum, decreasing available calcium 
for ongoing muscle contracture. The drug is a non-specific, 
directly acting muscle relaxant and a decrease in body 
temperature coincides with muscle relaxation. Oxygen 
consumption diminishes and heart rate and respiratory rate 
decrease correspondingly. It has been suggested that the 
initial dosage should be 2 mg kg” given intravenously.° 
This dose may be repeated every 10 min, up to a total dose 
of 10 mg kg! day. The oral dosage has ranged from 50 to 
200 mg day’. Hepatic toxicity may occur with doses of >10 
mg kg! day”. 

Bromocriptine mesylate, a dopamine agonist, is also used 
to treat NMS.” Bromocriptine doses have ranged from 2.5 to 
10 mg four times a day. Hypotension is the most limiting 
side-effect. The drug seems to be well tolerated by psychotic 
patients even though it is a strong central dopamine agonist. 
Rigidity may begin to decrease during the first few hours 
followed by a decrease in temperature, along with normal- 
ization of arterial pressure. This effect on rigidity and 
tremor strengthens the hypothesis of a dopamine-receptor 
blockade in NMS. Bromocriptine and dantrolene have been 
used together without complications.*! 

Another dopamine agonist, amantadine hydrochloride, 
has been used successfully in some cases, °° Levodopa, 
combined with the dopadecarboxylase inhibitor carbidopa, 
has also been reported to be effective in reversing 
hyperthermia.” Treatment may have to be continued for 
several days. Anticholinergic drugs, such as benzatropine, 
usually do not reduce the rigidity of NMS and do not affect 
hyperthermia. Benzodiazepine derivatives, which enhance 
GABA-ergic function, have caused transient decreases in 
symptoms. In every case, these drugs are recommended to 
control ‘agitated’ patients being treated for NMS. 
Carbamazepine has been used successfully in two patients: 
NMS completely resolved within 8 h,‘ 

Electroconvulsive therapy (ECT) has improved some of 
the syndrome’s components, notably fever, sweating and 
level of consciousness.” 
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Recurrence of neuroleptic malignant syndrome 


Since many patients with NMS are schizophrenics, they 
require further neuroleptic treatment in the course of their 
illness, often very soon after the onset of NMS. Rechallenge 
with drugs of the same milligram potency as the original 
stimulus in six patients resulted in recurrent NMS in five of 
the six patients, with two deaths. Rechallenge with less 
potent antipsychotics, such as thioridazine, was safe in nine 
of 10 cases. McCarthy?” reported a fatal case of 
neuroleptic syndrome after a milder episode 3 months 
earlier. The safest approach for prevention of recurrence is a 
regimen where doses of a low-potency neuroleptic are 
increased very slowly. Substitute treatments, such as lithium 
carbonate or ECT, may offer a safe alternative to those 
patients who respond to these treatments. Prevention of 
NMS awaits better understanding of the underlying 
pathophysiology. Of prime importance seems to be the 
avoidance of marked dehydration in neuroleptic-treated 
patients; this may reduce the prevalence and morbidity of 
the syndrome. 


Electroconvulsive therapy in patients with a history 
of NMS 


Since a common pathophysiology has been suggested 
between NMS and malignant hyperthermia!’ “° the possi- 
bility that patients with a history of NMS may be vulnerable 
to developing malignant hyperthermia is an important factor 
when considering general anaesthesia, especially succinyl- 
choline administration immediately before electrical stimu- 
lation for ECT. To date, there is no report in the literature of 
malignant hyperthermia as a complication of ECT in NMS 
patients. One study” found that none of the patients who 
had NMS and underwent ECT, nor their relatives who had 
also undergone ECT, had any malignant hyperthermia-like 
symptoms or other secondary effects despite repeated use of 
succinylcholine in all cases. The authors reported a total of 
147 i.v. administrations of succinylcholine in a dose range 
of 15-30 mg in 12 patients without any complication. These 
results are consistent with sporadic reports of the safe use of 
ECT for patients with NMS (see reference 25 for review). 

ECT with the use of succinylcholine, which is an 
effective and rapid mode of treatment for cases of NMS 
unresponsive to supportive medical therapy, is not, there- 
fore, contraindicated. However, until the association, 
between NMS and malignant hyperthermia is conclusively 
disproved, careful metabolic monitoring of general anaes- 
thesia is necessary. 
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Metabolic consequences of drug misuse are uncommon, but 
are increasing as illicit drug use becomes more widespread. 
Although the range of medical problems produced is very 
wide, metabolic problems most commonly occur with 
heroin, cocaine and the ecstasy group of drugs, which are 
therefore the main theme of this review. 


Diamorphine (heroin) ; 
Apart from cannabis, diamorphine is the most widely used 
illicit substance in Britain. Its respiratory depressant effects 
are well known, and the slowing of respiration caused by the 
drug can lead to an acute respiratory acidosis. Following an 
overdose, the patient may be cyanosed, comatose, miotic 
and bradycardic. Respiratory support may be needed 
urgently; reversal with naloxone is usually effective. The 
risk—benefit balance lies strongly in favour of naloxone 
administration, which has a diagnostic role as well as a 
useful therapeutic effect. There is a risk of precipitating 
agitation as a result of opioid withdrawal in an opioid- 
dependent individual, but this should not prevent its urgent 
administration. Adverse effects of naloxone are unusual. 
One publication has reviewed 453 cases in which naloxone 
was administered to heroin-dependent patients, and found a 
low incidence of complications (1.3%). These included 
immediate violence, pulmonary oedema, convulsions and 
asystole.*” Anaphylactoid reactions can occur with some 
opioids, particularly codeine, and anaphylaxis may also 
occur as a result of contaminants in illicit heroin. One report 
has suggested that many heroin fatalities are caused by an 
anaphylactoid reaction, so that a significant number of 
deaths in heroin users may result from this cause.'? One of 
the most serious consequences of non-fatal heroin overdose 
is the development of rhabdomyolysis, which may lead to 
renal failure. Alcohol, as well as being perhaps the most 
important precipitant of non-traumatic rhabdomyolysis, is 
also a cofactor in many cases of heroin-induced 
rhabdomyolysis. 14 

Other opioids, such as codeine and methadone, are 
implicated less commonly.'® 3° In general, rhabdomyolysis 
is a result of the heavy sedation produced as the patient lies 


comatose and motionless for a number of hours after an 
overdose of diamorphine. In most cases, lack of muscle tone 
and immobility appear to be sufficient to lead to 
rhabdomyolysis as a result of direct compression of skeletal 
muscle tissue. This mechanism is aggravated by hypox- 
aemia, acidosis, hypovolaemia and hypothermia, which 
often coexist in the deeply unconscious patient. However, it 
is also possible that a direct toxic effect is responsible, as 
rhabdomyolysis associated with heroin abuse has been 
linked to myocardial cell damage.*’ Cardiac damage and 
non-Q-wave myocardial infarction may also be caused by 
myocardial hypoperfusion.” 

Rhabdomyolysis has also been reported in patients who 
have not experienced periods of unconsciousness.’ In some 
cases, the damage may be severe enough to lead to renal 
failure requiring haemodialysis. Rarely, heroin-induced 
rhabdomyolysis can be complicated by other consequences 
of coma and pressure, leading to prolonged and incomplete 
recovery, as case reports have shown: myelitis, neuropathies 
and compartment syndromes can complicate the picture.” 7° 
Compartment syndromes are not uncommon. Intracompart- 
mental pressures should be measured when necessary, and 
fasciotomy may need to be performed.”* 

Once suspected, the diagnosis of heroin-induced rhabdo- 
myolyosis is usually straightforward. Occasionally there 
may be no symptoms in the conscious patient and, in a 
significant number of cases, there are no signs over the 
muscles indicating that damage has occurred.'* Ultrasound 
may be helpful in confirming the diagnosis and location of 
the lesion by revealing hyperechoic areas within the 
muscles. More commonly, muscle swelling and tender- 
ness occur. If there is any significant degree of rhabdomyo- 
lysis, plasma aspartate transferase, alanine transferase, 
creatine kinase and lactate dehydrogenase concentrations 
increase markedly. The most serious biochemical compli- 
cations are hyperkalaemia and hypocalcaemia.* Even at an 
early stage, large amounts of haem and myoglobin may be 
found in urine. Increasing plasma urea and creatinine 
concentrations indicate the onset of renal failure. 
Management consists of fluid replacement and early estab- 
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lishment of adequate urine flow. Hyperkalaemia needs to be 
managed attentively, but excessive amounts of calcium 
should not be given during the hypocalcaemic phase in 
order to prevent later exacerbation of hypercalcaemia. If 
acute renal failure occurs, it should be managed conven- 
tionally. 


Opioid withdrawal syndrome 


After a few weeks of regular use, sudden withdrawal of 
diamorphine produces an influenza-like syndrome which 
begins 8-24 h after the last dose, reaches a peak by 36-72 h 
and resolves within 7-10 days. Symptoms include hyper- 
secretion, sleeplessness, muscle aches, tremor, anxiety, 
nausea, vomiting, diarrhoea and abdominal cramps. Apart 
from reintroduction of an opioid, these symptoms respond to 
administration of drugs such as clonidine or lofexidine. 
' However, in acute medical situations there may be a variety 
of reasons why an opioid drug should not be reintroduced. It 
is important for medical staff to be aware that opioid 
withdrawal can also be dealt with symptomatically, by 
administration of drugs such as diazepam or thioridazine for 
anxiety and agitation, beta blockade for tachycardia and 
hypertension, and loperamide for diarrhoea. 


Heroin leucoencephalopathy 


While most of the complications of heroin use tend to result 
from direct toxicity following intravenous use, a rare but 
dramatic complication occurs only after inhalation of heroin 
vapour (‘chasing the dragon’): heroin is placed on alumin- 
ium foil, which is heated from beneath, and the resulting 
vapour is inhaled through a tube. A series of 47 patients was 
reported from the Netherlands in 1982,*° 11 of whom died. 
Epidemiological studies showed that all had been using 
heroin in this way. All developed a severe illness, usually 
some days or even longer after the last heroin consumption, 
characterized by a cerebellar syndrome. Many had rigidity 
and hyperthermia. The pathological diagnosis was spongi- 
form demyelination; the only other consistent abnormality 
was brown pigmentation of the alveolar macrophages in the 
lungs, probably related to the inhalation of hot vaporized 
heroin. A contaminant or pyrolysis product was suspected, 
but none was identified; several neurotoxic agents known to 
cause similar leucoencephalopathies were ruled out. 


MDMA (ecstasy) 


During the 1970s and early 1980s, 3,4-methylenedioxy- 
methamphetamine (MDMA; ecstasy) became increasingly 
popular as a ‘recreational’ drug in the USA. In at least one 
university, as many as 30-40% of students had tried it? 
However, several MDMA-associated deaths were reported, 
mainly from cardiac arrhythmias, !° “* though hyperthermia 
was also reported. During the mid-1980s, MDMA use 
spread to Britain and, from there, to the rest of Europe, and 


Table 1 Reasons for hyperthermic collapse after MDMA ingestion 





Prolonged exertion with minimal Drug effects 

flud replacement 

Warm environment Crowded clubs 

Mood-enhancing effects of MDMA Feeling of empathy, facilitates 
dancing 

Amphetamine-like effects of MDMA Euphoria, alertness; energy from 
sympathetic stumulation, disregard 
for body signals (thirst, tiredness, 
exhaustion) 

Serotonergic effect of MDMA Increased muscle tone leads to heat 
production 


also to Australia, being promoted mainly through clubs. In 
the UK, a remarkable development occurred. Ecstasy was 
introduced to the dance scene, and its use rapidly became 
epidemic. The main reason for this seems to lie in the 
pharmacological profile of the drug.” It is related to 
mescaline and lysergic acid diethylamide (LSD), which are 
hallucinogenic, but it does not produce the perceptual 
distortions associated with other hallucinogenic drugs. At 
the same time, the amphetamine-like effects of ecstasy 
provide an increase in physical and mental energy and 
minimize any feelings of tiredness, thus enabling the user to 
continue dancing for longer than may be safe for body 
systems. 

Two case reports of fatal hyperthermia following MDMA 
ingestion appeared in the British literature? Í and, in 1992, a 
series of seven fatal cases was reported. A subsequent 
collation of literature reports?! drew attention to the 
importance of a high body temperature as a predictor of a 
fatal outcome. The mean recorded temperature in fatalities 
was 41.6°C, compared with 40.5°C in the hyperthermic 
survivors. It seems apparent that cases of severe hyperther- 
mia and deaths from heat stroke were mainly the result of 
prolonged dancing without rest and without taking enough 
liquid to enable normal temperature control by sweating'® 
(Table 1). Collapse occurred, sometimes with convulsions. 
When examined in hospital, these patients tended to have a 
very high heart rate and a low arterial pressure, and had 
body temperatures as high as 43°C. Deaths have resulted, 
usually because the body cannot sustain the massive stress 
of high body temperature. As well as its amphetamine-like 
properties, the role of the serotonergic effect of the drug 
may be important in some cases, and may explain some 
fatalities where physical exercise was only minimal. 

Convulsions, cardiovascular collapse, disseminated in- 
travascular coagulation, rhabdomyolysis and acute renal 
failure are all complications of the gross thermal stress (see 
Table 2). Once disseminated intravascular coagulation has 
become established, management is difficult. This compli- 
cation is the commonest reason for death in the hyperther- 
mic patient who has taken MDMA. It is possible that an 
effect of MDMA on platelet function may also be respon- 
sible. 
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Table 2 Seven fatal cases of MDMA toxicity reported mı 1992; DIC=dissemmnated intravascular coagulation 


Case Age and gender 





Outcome 


Clinical course 


Circumstances and amount 








Died 14 h after mgestion (11 h after admission) 


Died 2 5 h after admission 


Coma, convulsions, hyperthermia (41°C) tachycardia, hypotension, 
DIC 


Collapse, hyperthermia (41.8°C), tachycardia, hypotension, asystole 


Three tablets taken at club 
Two tablets taken at party 


Died 36 h after admission 
Hallucinating, hyperthermia (40°C), tachycardia, hypotension, meta- Died 36 h after admission 


bolic acidosis, DIC 


Collapse, hyperthermia (42.1°C), gastromtestinal haemorrhage 


Five tablets taken at party 
One tablet taken at club 


Liver transplant after 4 days, death from graft rejection after 18 days 


Died 60 h after admission 


Convulsions, hyperthermia (40°C), tachycardia, hypertension, DIC, 


rhabdomyolysis, acute renal failure 


Convulsions, hyperthermia (41°C), tachycardia, hypertension, DIC 


Found collapsed ın street after party; 


haemophilac 


Two tablets taken at party 


Convulsions, hyperthermia (43°C), tachycardia, hypotension, rhabdo- Died 6 5 h after admission 


myolysis, acute renal failure 


Took three tablets at pop concert 
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Management of the hyperthermic patient 


The main objectives are to facilitate thermoregulation and to 
prevent the development of disseminated intravascular 
coagulation. Full supportive care should be provided. An 
anticonvulsant, such as intravenous diazepam, may be 
needed if the patient is having convulsions. The most urgent 
priority is to restore intravascular volume, since extra- 
cellular fluid volume tends to be grossly depleted by 
prolonged sweating. A rapid 1 litre intravenous fluid 
challenge should reduce the pulse rate and increase arterial 
pressure. If the patient has a temperature of =40°C, or is not 
sweating, and has established heat stroke, the use of 
dantrolene may be indicated.’ Management of the other 
acute complications follows standard medical practice. 


Hepatic damage 

In 1992, seven cases of hepatic damage associated with 
MDMA use were reported.’ Several isolated cases have 
also been reported, including two cases of acute hepatitis” '! 
and one of accelerated hepatic fibrosis.” A series of 12 
cases of hepatic damage has been reported from the Institute 
of Liver Studies at King’s College Hospital,’? where it was 
suggested that the incidence of ecstasy-induced hepatitis is 
increasing. A spectrum of severity seems to exist, with 
histological changes varying from a mild to moderate 
lobular hepatitis to features of massive hepatic parenchymal 
collapse with areas of nodular regeneration. An immuno- 
logical mechanism appears to be the most likely cause of the 
sporadic cases of hepatitis which have occurred in ecstasy 
users. It is possible that, with the current degree of ecstasy 
use leading to repeated re-exposure, the incidence of cases 
of liver damage may increase with time. 


Hyponatraemia 


Once it became apparent that hyperthermia was a danger for 
ecstasy users, fluid replacement was advised, Some early 
harm-limitation messages indicated that ecstasy users 
should drink large amounts of fluids (but without specifying 
that the fluids were to replace fluid losses caused by 
prolonged exertion). Some people have become acutely ill 
and a small number have died from acute water intoxication. 
The causation can be largely explained by the popular 
misconception that water drinking is good for those taking 
ecstasy, together with the pharmacological properties of the 
drug. 

Hyponatraemia is an uncommon complication of MDMA 
ingestion. Only a few cases have been reported, !? 2? 77 8 The 
death of Leah Betts achieved wide publicity in the popular 
press, and it became clear that fatal water intoxication can 
be precipitated by excessive water drinking in ecstasy users, 
Fifteen cases were identified between August 1994 and 
December 1995 by the National Poisons Information 
Service (London), with serum Na* concentrations of <130 
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mmol litre™!. The clinical pattern was remarkably uniform, 
with initial vomiting and disturbed behaviour, followed by 
drowsiness and agitation and, in seven cases, epileptiform 
convulsions. Drowsiness, a mute state and disorientation 
were observed for up to 3 days (Hartung TK, Schofield E, 
Short AI, Parr MJA, Henry JA, unpublished). 

The neurological dysfunction is caused by haemodilu- 
tion, with a rapid decrease in serum Na* concentration, 
leading to intracellular movement of water and, subse- 
quently, to cerebral oedema. The patients developed severe 
ness within 12 h of ingesting ecstasy, suggesting that there 
is an acute drop in serum Na” concentration secondary to 
unrestricted fluid ingestion. The hyponatraemia appears to 
involve inappropriate secretion of antidiuretic hormone. 
One case of MDMA-induced hyponatraemia has been 
documented in which antidiuretic hormone concentrations 
were measured, and it was confirmed that concentrations of 
antidiuretic hormone were in fact inappropriately increased, 
the plasma arginine vasopressin concentration being 4.5 
pmol litre?.!° It has been shown more recently that 
secretion of antidiuretic hormone is markedly increased 
following administration of 40 mg MDMA in healthy 
volunteers." It thus appears that this phenomenon is not an 
idiosyncratic effect of the drug, but is a predictable 
pharmacological effect. Thus, anyone taking MDMA who 
drinks large amounts of water without exercising and 
sweating is risking hyponatraemia with its attendant com- 
plications. The syndrome of inappropriate secretion of 
antidiuretic hormone (SIADH) ıs a well recognized phe- 
nomenon which may occur postoperatively” or after the 
administration of psychoactive drugs. However, in most 
drug- or illness-induced cases, it arises gradually as a result 
of normal intake of fluid with restriction of output by 
antidiuretic hormone, whereas in ecstasy-associated cases, 
there has been an excessive intake of fluid within a short 
space of time. This results in an acute onset of symptoms, 
and it can occur with Na* concentrations which might not 
otherwise appear to be dangerously low. Most patients seem 
to make a steady recovery without neurological sequelae 
once they reach medical care. Fluid restriction is usually 
sufficient and any administration of fluids should be avoided 
if there is any suspicion of hyponatraemia, but the use of 
intravenous mannitol, loop diuretics or hypertonic saline 
may be considered. 


Cocaine 

Although historically well known as a topical anaesthetic 
for intranasal surgery, cocaine is now widely abused for its 
euphoriant effects. However, users pay the penalty of the 
challenge presented to body systems, and may suffer from 
headaches, sexual dysfunction, chronic cough (related to 
crack cocaine smoking), convulsions and cerebrovascular 
accidents. Cardiovascular complications include chest pain 
(the commonest mode of hospital presentation), cardiac 
arrhythmias, myocardial infarction (caused by the 


immediate effects on blood vessels and platelets as well as 
the result of accelerated atheroma),”” myocarditis, dissect- 
ing aneurysm and sudden death. Prolonged recreational use 
may also lead to paranoia and violent, antisocial behaviour, 
including homicide and suicide Because of its powerful 
vasoconstrictor effect, snorting cocaine hydrochloride 
causes damage to nasal membranes and the nasal septal 
cartilage. Crack cocaine causes thermal damage to the 
airways, over and above its systemic effects. 

In most cases, the effects of cocaine are relatively short- 
lived because its elimination half-life 1s 30-60 min, and the 
patient is usually asymptomatic within 2 h. However, heavy 
cocaine use may be associated with more prolonged 
symptoms and may lead to rhabdomyolysis or hyperther- 
mia. Its unwanted metabolic effects denve from central 
nervous system stimulation resulting from blockade of 
dopamine re-uptake, so that the patient may be agitated, 
violent, hallucinating or convulsing. The exertion involved 
can generate heat, leading to hyperthermia and contributing 
to rhabdomyolysis. In addition, blockade of norepinephrine 
re-uptake leads to marked sympathomimetic effects as a 
result of alpha-1 and beta-1 stimulation. These include 
tachycardia and hypertension, but may also be responsible 
for the development of hyperthermia and rhabdomyolysis. 
The mode of use may be relevant: intravenous use is a risk 
factor for complications, as is the use of free base ‘crack’ 
cocaine, which is smoked and rapidly enters the circulation 
through the pulmonary vasculature. Crack cocaine may also 
be swallowed, with serious consequences.°° 

Seizures, hyperactivity, hypokalaemia, severe muscle 
contraction and hyperthermia may be important causes of 
thabdomyolysis in cocaine intoxication. These may interact 
with ischaemia secondary to hypotension or vasoconstric- 
tion. The incidence of cocaine-associated rhabdomyolysis 
has not yet been defined, but there have been numerous case 
reports, and more cases are being seen with growing use of 
the drug.*” One study found that 24% of patients attending 
an emergency department with cocaine toxicity had evi- 
dence of rhabdomyolysis, but most had no associated 
symptoms. A survey in Miami of 39 patients presenting with 
rhabdomyolysis after cocaine use, found a mean creatine 
kinase concentration of 12 187 u litre. Thirteen had renal 
failure, seven of whom developed disseminated intravas- 
cular coagulation; six patients died.’ The development of 
renal failure is not uncommon as a consequence of cocaine- 
induced rhabdomyolysis.** In occasional cases, renal failure 
may occur in the absence of rhabdomyolysis. Cocaine may 
also hasten progression to uraemia in patients with under- 
lying renal insufficiency. 

The amount of cocaine used does not predict the 
likelihood of a fatal outcome. Fatal blood concentrations 
in cocaine users who die from other causes, such as road 
traffic accidents, are similar to those who have died of 
cocaine toxicity.* Another factor whose relevance is not 
widely appreciated is the formation of cocaethylene, an 
ethyl homologue of cocaine which is formed in the liver 
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Table 3 Features of excited dehnum 





Behavioural 





Phase Clinical 

1. Hyperthermia Increased body temperature, profuse sweating 
2, Delnum Paranoid behaviour, dilated pupils 

3. Respiratory arrest Collapse, cessation of breathing 

4 Death Cardiorespiratory arrest 





only m the presence of ethanol. Cocaethylene has 
pharmacodynamically similar properties to cocaine; 
although it is metabolized along the same pathways as 
cocaine, its plasma elimination half-life is three to five times 
that of cocaine, so that the potential for accumulation to 
toxic levels is greater. This is probably why the risk of 
immediate death is 18- to 25-fold greater for ingestion of 
alcohol during use of cocaine than for use of cocaine 
alone.! * Many binge users of cocaine drink relatively 
heavily during sessions because they are aware that this 
interaction prolongs the effects of cocaine use. Another 
factor which may influence the severity of symptoms in 
patients presenting with cocaine toxicity is the concentra- 
tion of plasma cholinesterase (pseudocholinesterase). This 
enzyme is responsible for the detoxification of cocaine in 
the body, and it has been shown that patients with life- 
threatening cocaine toxicity had lower plasma cholinester- 
ase activity than those who had non-life-threatening 
toxicity.” The low cholinesterase concentrations may be 
related to poorer nutritional status of regular cocaine users. 

Early intervention with high-dose diazepam is probably 
the most effective first-line measure to prevent the progres- 
sion of symptoms and ultimately to prevent rhabdomyo- 
lysis. Haloperidol or droperidol are not indicated as first-line 
drugs as they may increase the risk of seizures. Nitrates are 
appropriate for hypertension and, although beta-blockers 
may carry the risk of inducing alpha-adrenergic vasocon- 
striction, a short-acting beta-antagonist such as esmolol can 
be used. However, by the time the patient has presented, 
rhabdomyolysis may be established and conventional 
treatments will then be required to prevent the development 
of renal impairment or to manage established renal failure. 
Hyperpyrexia may be severe and the immediate manage- 
ment should include high-dose diazepam, urgent restoration 
of fluid balance and the administration of dantrolene. 


Cocaine excited delirium 


Apart from the effects of cocaine described above, an 
important but unusual complication of cocaine use, termed 
agitated delirium or excited delirium, began to be apparent 
during the epidemic of cocaine use in the USA in the 
1980s.*8 It may well be an extreme form of cocaine 
toxicity.” Although it may rarely complicate mental or 
physical illnesses, it is most commonly associated with 
cocaine use. Emergency physicians, anaesthetists and 





Attempts to cool body, removes clothes, goes into the open 
Shouting, thrashing, violence, unexpected strength 
Loss of strength 





intensive care staff should be aware of it, as cases are now 
occurring in Britain. It occurs in regular cocaine users who 
have used the drug within the last 24 h; there is no evidence 
that an overdose of cocaine has been taken and there is no 
readily apparent precipitating cause. Four elements occur in 
close succession: hyperthermia, agitated behaviour, col- 
lapse and death (Table 3). The number of self-limiting cases 
is unknown. The individual becomes aware of an increase in 
body temperature, sweats profusely and attempts to cool 
down by tearing off clothes and cooling himself with cold 
water. This stage merges into a phase of confusion and 
agitation. In many cases, the person wanders into the street 
shouting and behaving erratically. He may hide behind 
bushes or attack his image in mirrors or shop windows. 
After a period of time the individual becomes subdued and 
may die. Death frequently occurs after the police have been 
called and have been attempting to restrain the individual. 
When restraint is used, extreme strength is often apparent, 
and several people may be needed to maintain control. Body 
temperature, where it has been measured, is frequently 
>40°C, so hypermetabolism is clearly a feature of the 
illness. 

A report from Florida has compared people who died 
from accidental cocaine overdose with those who had died 
from excited delirium. Compared with controls, those who 
died from excited delirium were more likely to be black, 
male and younger. They were less likely to have a low body 
mass index and more likely to have died in police custody, 
to have received medical treatment immediately before 
death, to have survived for a longer period. to have 
developed hyperthermia and to have died during the 
summer months.” Post-mortem blood concentrations of 
cocaine and its metabolites were similar to those in cocaine 
users who had died of other causes. The authors considered 
as a possible cause of excited delirium that chronic cocaine 
use disrupts dopaminergic function and that, when this is 
coupled with recent cocaine use, it may be sufficient to 
precipitate agitation, delirium, aberrant thermoregulation, 
rhabdomyolysis and sudden death. The most characteristic 
finding at post-mortem is that the dopamine receptor density 
in the striatum is not increased as it is in cocaine overdose. 

There are currently no medical management guidelines 
for excited delirium. Physical restraint is clearly counter- 
productive, and may contribute to a fatal outcome in a 
hyperthermic, agitated patient, but is usually necessary in 
the interest of public safety. Once the patient reaches 
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medical care, diazepam is the agent most likely to be of use, 
reducing neuronal excitability and acting as a pharmaco- 
logical restraint. Urgent fluid replacement is probably of 
considerable importance, though there is, as yet, no 
evidence to support this. 


Other drugs 


Amphetamine sulphate has long been known as an 
occasional cause of hyperthermia and rhabdomyolysis. 
More recently, MDMA has overtaken it in Britain, mainly 
because of its association with dancing, but toxicity and 
deaths still occur. In the western USA, methamphetamine is 
commonly abused and abusers can present with agitation, 
violence, rhabdomyolysis and renal failure. Creatine kinase 
concentrations tended to be twice as high as with 
rhabdomyolysis from other causes,’ 

Phencyclidine is an important cause of rhabdomyolysis, 
but is very rarely used outside the USA. In one series of 
1000 cases, 22 had rhabdomyolysis.’ Cannabis is very 
widely used and has powerful pharmacological effects. 
However, metabolic complications are unusual. There is a 
single case report of hyperthermia following cannabis use, 
in which an individual developed hyperthermia after 
jogging.“ Volatile substance abuse (solvent misuse) ıs a 
common means of intoxication in young people. Heavy 
exposure can lead to neuropathic damage, but chronic 
toluene exposure can also produce metabolic consequences. 
Toluene-induced renal tubular acidosis can cause hypoka- 
laemia, increasing the risk of cardiac dysrhythmias and 
leading to hypokalaemic paralysis, rhabdomyolysis and 
renal calculi.” 


Conclusion 


Physicians, anaesthetists and intensive care staff need to be 
conversant with the clinical problems produced by illicit 
drugs. The metabolic problems are among the most taxing 
of these because they are usually associated with severe 
toxicity and because of the wide range of body systems 
involved. One of the key features of management is 
aggressive hydration for patients with hyperthermia and 
rhabdomyolysis. 
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The porphyrins play a critical role in biology, being 
involved in a wide range of reactions related to oxygen 
utilization, transport, storage or formation. The synthetic 
pathway involved in the production of the porphyrins is 
complex and is governed by a sequence of enzymes. A 
defect in any of these enzymes results in accumulation of 
the preceding intermediaries and produces one form or 
another of the diseases known as the porphynas. This 
review briefly outlines porphyrin synthesis, the diseases that 
arise from errors in porphyrin metabolism and the anaes- 
thetic umplications of these disorders. 


Porphyrin metabolism 


The porphyrins are cyclic structures formed by the linkage 
of four pyrrole rings through methene (~-CH=) bridges. The 
porphyrin ring can, via the nitrogen atom of the pyrrole 
subunits, form complexes with many metals, giving 
metalloporphyrins. These compounds are widely distributed 
throughout the plant and animal kingdoms where they are 
essential for photosynthesis, oxygen transport, electron 
transport, the reduction of molecular oxygen and various 
hydroxylation reactions. Of the metalloporphyrins, the most 
biologically important are those containing iron (to form 
haem) and magnesium (to form chlorophyll). The porphyr- 
ins are highly coloured and exhibit red fluorescence in 
ultraviolet light. The porphyrin precursors, the porphyrino- 
gens, which are linked by methyl (CH2) bridges (Fig. 1), are 
colourless. When exposed to light and oxygen, they 
spontaneously convert to porphyrins. 

In human physiology, haem is the most important of the 
porphyrins. In its biologically active form, haem is bound to 
various proteins to form haemoproteins, which include 
haemoglobin, myoglobin and all of the cytochromes 
(including the P4so series) together with numerous other 
compounds involved in oxidation and hydroxylation reac- 
tions. 


The biosynthesis of haem commences with formation of 
d-aminolaevulinic acid (ALA) by the condensation and 
subsequent decarboxylation of two freely available mol- 
ecules—succinyl co-enzyme A (succinyl CoA) and the 
amino acid glycine—in a step catalysed by the enzyme ALA 
synthetase. This process occurs in the mitochondria (where 
succinyl CoA is produced in the citne acid cycle); ALA 
synthetase appears to be the most important rate-limiting 
enzyme in porphyrin biosynthesis. The next“ step in 
porphyrin biosynthesis occurs outside the mitochondria 
where two molecules of ALA condense under the influence 
of the enzyme ALA dehydratase to form the monopyrrole 
subunit of the porphyrin ring, porphobilinogen (PBG) The 
enzyme PBG deaminase catalyses the condensation of four 
molecules of PBG to form hydroxymethylbilane, which is 
then converted into the first of the porphyrinogens, 
uroporphyrinogen, under the influence of uroporphyrinogen 
cosynthetase. The stepwise decarboxylation and conversion 
of uroporphyrinogen acetate groups to methyl substituents 
results in the formation of coproporphyrinogen which then 
re-enters the mitochondria where oxidation and chelation 
with ferrous iron result in the production of haem. These 
steps together with the relevant enzymes are illustrated in 
Fig. 2. The porphyrin biosynthetic pathway operates very 
efficiently and <2% of the porphynn precursors are 
produced in excess of that required for haem synthesis. 
Consequently, the finding of increased concentrations of 
porphyrin intermediates in urine or stool indicates an 
abnormality of production, with a partial block somewhere 
in the enzymatic chain. 


Control of haem biosynthesis 


The control of the production of haem is effected primarily 
through ALA synthetase. This enzyme has a low endogen- 
ous activity and also has a very short half-life, making it,- 
ideally suited to a regulatory role. The formation of ALA’ 
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Fig 1 The structures of the porphyrmogens (left) and porphyrins (right) Substituents are numbered according to the conventional Fisher system. In the 
porphyrinogen ring, the positions designated by Greek letters are occupied by methyl groups (-CH2), whereas in the porphyrin rng these positions are 
occupied by methene (~CH=) groups. The colourless porphyrinogens undergo spontaneous conversion to purple-coloured porphyrins on exposure to 
light and air, hence the characteristic urine colour change, when urinary porphyrinogens are present, from normal to a ‘port wine’ appearance on 
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Fig 2 Metabolic pathways of haem synthesis. The enzymes involved at 
each step are listed on the left, and the type of porphyria associated with 
a deficiency of each enzyme is shown on the nght The conditions 
highlighted ın boxes are the acute porphynas. 


synthetase is controlled by the concentration of haem itself, 
which forms a negative feedback loop, thus ensuring that the 
level of haem production matches requirements closely. The 
concentration of haem required to suppress enzyme pro- 
duction is extremely low, of the order of 107 7M, while that 
required to inhibit enzyme activity is of the order of 10% M. 
However, the concentration of haem generated within the 
mitochondrion is insufficient to inhibit the enzyme, so ALA 
synthetase control is thought to be exerted by a volatile ‘free 


haem pool’ within the cytosol.** It is also possible that some 
measure of control is exerted by the availability of glycine. 

ALA synthetase is readily inducible and can respond 
rapidly to increased haem requirements such as those 
resulting from the administration of drugs which require 
cytochrome P4so for their metabolism. Thus the availability 
and activity of the enzyme depend on the intracellular level 
of haem, and the demand for haem by metabolic processes. 
This fact is of great relevance in the development of the 
porphyrias, in which an increase in haem requirements in 
the face of a partial block in the synthetic pathway results in 
the overproduction of ALA synthetase, and consequently of 
the pathway intermediates before the block. The enzyme 
PBG deaminase also seems to have a regulatory role that is 
of relevance in some porphyric conditions. Under normal 
circumstances, an increase in production of ALA results in 
an increase in activity of PBG deaminase, thus enabling the 
synthetic pathway to continue efficiently. However, in acute 
forms of the disease, there appears to be a concomitant 
failure of PBG deaminase to respond appropriately, with a 
resultant accumulation of the early components of the 
metabolic pathway. Recent work has shown that copropor- 
phyrinogen and protoporphyrinogen, both of which are 
produced in excess in variegate porphyria, can also inhibit 
PBG deaminase.” 


Classification of the porphyrias 

The porphyrias can be classified by the main site of the 
defect (hepatic or erythropoietic), by the enzyme defect 
(Fig. 2) or by whether or not they cause acute symptoms 
(Table 1). The latter method of classification is particularly 
useful for anaesthetic practice as only the acute forms of the 
porphyrias are of major anaesthetic relevance, since these 
are the conditions that may result in life-threatening 
reactions to drugs. All the hepatic porphyrias except for 
porphyria cutanea tarda are acute porphyrias. 
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Table 1 Classification of the porphyrias 





Type of porphyria Examples 











Acute acute intermittent porphyria (AIP), variegate porphyna (VP), hereditary coproporphyria (HC), plumboporphyna (PP) , 

Non-acute porphyria cutanea tarda (PCT); erythropoietic porphyrias’ congenital erythropoietic porphyria (CEP); erythropoietic protoporphyria (EPP) 
reportedly occurring in a high proportion of pregnant 

The acute porphyrias patients (24-95%) with AIP,”° more recent experience 


The acute porphyrias include acute intermittent porphyria 
(AIP), variegate porphyria (VP), hereditary coproporphyria 
(HCP) and the very rare plumboporphyria (PP). With the 
exception of PP, which is recessive, these porphyrias are 
inherited as non-sex-linked, autosomal dominant conditions 
with variable expression. Like many inherited conditions, 
they have a patchy distribution. The overall frequency of 
AIP in Europe is estimated to be one per 20 000, with one 
per 10 000 in Northern Sweden and an even higher 
incidence in Lapland. VP is particularly common in the 
Afrikaner community in South Africa where the prevalence 
has been estimated at between one in 250 and one in 500,’” 
but the disease is recognized worldwide and in Britain is 
thought to be about a third as prevalent as AIP.'” The true 
incidence of these conditions is hard to estimate as many 
individuals remain asymptomatic throughout their lives; this 
is particularly true of HCP where more than half the affected 
individuals may be symptom-free. 

The enzyme defects in porphyria are deficiencies rather 
than absolute deficits. In most patients with clinically 
expressed porphyria, the level of enzyme reduction is 
generally of the order of 50%,” suggesting that the 
defective allele produces essentially no enzyme activity. 
This may be why homozygotes are extremely rare, as 
complete failure to produce haem is probably incompatible 
with life. Increasingly, however, families are being identi- 
fied in which mutations appear to encode proteins with some 
residual activity. Where such a family marries into another 
carrying a more typical mutation for the same defect, 
compound heterozygotes may result; such patients express 
low levels of enzyme and characteristically are phenotypi- 
cally severely affected. Although there is no direct influence 
of gender on the pattern of inheritance, attacks occur more 
frequently in women and are most frequent in the third and 
fourth decades. Few cases have been reported before 
puberty, and attacks are rare after the menopause,” 
although presentation has occurred between the ages of 7 
and 75 yr.”’ Acute attacks of porphyria are most commonly 
precipitated by events that decrease haem concentrations, 
thus increasing the activity of ALA synthetase and stimu- 
lating the production of porphyrinogens. Acute exacerba- 
tions may be precipitated by a number of factors, including 
physiclogical hormonal fluctuations (such as those occur- 
ring with menstruation), fasting, dehydration, stress and 
infection.'* Though pregnancy was thought to represent a 
particular risk in the porphyric patient, with acute attacks 


suggests that the rate in pregnancy is lower. Frequent 
spontaneous abortion (6-12%) and hypertension may, 
however, complicate pregnancy in the patient with AIP 
and there is an increased incidence of low-birthweight 
infants. Nevertheless, enzyme-inducing drugs are by far the 
most important trigger factors, particularly in relation to 
anaesthesia. 

Acute attacks are characterized by severe abdominal 
pain, autonomic instability, electrolyte disturbances and 
neuropsychiatric manifestations; they may range from a 
mild disturbance to fulminating attacks with a fatal 
outcome.'” Neuromuscular weakness, which may progress 
to quadriparesis and respiratory failure, is the most prom- 
inent and potentially lethal neurological manifestation, but 
sensory losses also occur. Central nervous system involve- 
ment with upper motor neuron lesions, cranial nerve palsies 
and involvement of the cerebellum and basal ganglia are 
less commonly seen. Permanent neurological lesions, 
especially parasympathetic dysfunction, can occur, particu- 
larly in AIP, although this is rarely seen unless the attacks 
have been multiple or of long duration. Though psychiatric 
disturbances were believed to occur in a high percentage of 
overt sufferers from the condition, the current belief is that 
these have been greatly exaggerated. Seizures may occur 
during an acute attack. Gastrointestinal symptoms are the 
most common and typically present with severe abdominal 
pain with vomiting and occasionally diarrhoea. Clinical 
examination of the abdomen is remarkably normal con- 
sidering the severity of the symptoms,’ since there is no 
peritonism. Abdominal pain is thought to relate directly to 
the autonomic neuropathy, though there may be a contri- 
bution from abnormal bowel function with alternating areas 
of spastic and relaxed bowel. Ganglionic blockade may, 
therefore, be helpful in this condition,® though it is seldom 
necessary, since the abdominal complaints commonly abate 
promptly with resolution of the attack. Dehydration and 
electrolyte abnormalities of Nat, K* and Mg”* may be 
severe and careful fluid and electrolyte management is 
essential. Cardiovascular instability—with tachycardia and 
arterial pressure changes of hypertension or, less commonly, 
hypotension—occurs, particularly in AIP, and permanent 
hypertension may result. 

Between attacks, complete remission is the norm, and 
many subjects with the genetic defect remain asymptomatic. 
This is particularly important when planning a drug regimen 
in patients potentially at risk, as patients with so-called 
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‘silent’ (or latent) porphyria may have their first symptoms 
precipitated by injudicious administration of triggering 
agents. In all the acute porphyrias, acute attacks are 
characterized by markedly increased concentrations of 
ALA and PBG in the urine, though in PP the elevation is 
limited to ALA since the enzyme defect here lies before the 
step in which PBG is synthesized. 

Drugs may trigger an acute attack of porphyria in many 
ways, most of which depend on an increased demand for 
haem production or a failure of haem inhibitory feedback as 
the final common pathway. Thus drugs may induce the 
transcription of ALA synthetase directly through mRNA or 
may interfere with the negative feedback control which 
haem exerts on ALA synthetase production. Drugs may 
interfere with the haem synthetic pathway, thus reducing the 
level of haem production, or they may increase the demand 
for haem by increasing utilization, for example through 
increased demand for oxidative processes mediated through 
the cytochromes. This multitude of potential pathways and 
the great variety of drug structures make it impossible to 
predict which agents are likely to be porphyrinogenic. The 
only properties of drugs which are clearly linked to 
porphyrinogenicity are lipid solubility’? and membrane 
fluidization.*” Some chemical groupings, such as the allyl 
groups which form the basis of the barbiturates, and certain 
steroid structures have also been incriminated in the 
induction of porphyria (steroids can enhance the induction 
of ALA synthetase). It is of interest that it is only the acute 
forms of the disease that are affected by enzyme induction, 
so this is the only form of the disease of pharmacogenetic 
importance. It is not clear why the manifestations of the 
non-acute forms of porphyria are not apparently affected by 
enzyme-inducing drugs. Even such potent inducers of ALA 
synthetase as the anticonvulsants do not exacerbate or 
precipitate porphyria cutanea tarda (PCT) or the erythro- 
poietic porphyrias. The only apparent drug association with 
PCT is that of oestrogen-containing compounds. They may 
exacerbate the biochemical and skin manifestations of this 
condition, but acute attacks are never encountered in PCT. 
There are occasional reports of other agents being impli- 
cated in either the causation or exacerbation of the non- 
acute porphyrias, but Moore and colleagues concluded that 
the evidence for induction of these conditions by drugs other 
than oestrogens is weak.**, These conditions will, therefore, 
not be considered further. For more information about the 
non-acute porphyrias, see the review by Paslin.*° Notably, 
there is no excess excretion of ALA or PBG in these 
conditions, whereas these changes are the hallmarks of the 
acute porphyrias. 

The pathogenesis of the acute porphyrias is unclear, 
although there are several possibilities. The excessive 
production of ALA is common to all of the acute forms 
and in all but the very rare plumboporphyria there is a defect 
in PBG deaminase, either in terms of an absolute reduction 
of enzyme activity, or in terms of a failure to increase its 
level in response to increased demand. Thus it is possible 


that ALA or PBG, or both, may be directly neurotoxic, 
although the severity of the symptoms does not correlate 
well with the increase in either of these substances. 
Nevertheless, the accumulation of these two compounds 
appears likely to have some effect on symptomatology. An 
alternative, but not exclusive, hypothesis is that the failure 
of haem production results in an acute haem deficiency 
within the nerve cell, and that this is the chief cause of the 
neuronal lesions, although the toxicity of ALA and PBG 
may still be relevant.** It has also been suggested that haem 
deficiency results in a secondary reduction in the activity of 
haem-contaning enzymes such as tryptophan oxygenase, 
with consequent disturbances in the production and metab- 
olism of potential neurotransmitters such as serotonin. 


Acute intermittent porphyria 

The defective enzyme in this condition is porphobilino- 
gen deaminase and the gene encoding this enzyme is 
located on chromosome 11. PBG deaminase deficiency 
can, in most cases, be detected in red cells between 
attacks. Of all the porphyrias, this one produces the 
most severe symptoms, and is the one in which an acute 
attack is most likely to be fatal. It has been reported 
that hypertension and impaired renal function are 
significantly more common in porphyric subjects than 
in their non-porphyric relatives, and that hypertensive 
complications and renal failure are the most frequent 
causes of death in patients with porphyria.” 


Variegate porphyria 

This condition is characterized by cutaneous photosensitiv- 
ity in which bullous skin eruptions occur on exposure to 
sunlight as a result of the conversion of porphyrinogens to 
porphyrins. The characteristic skin lesion is one of exces- 
sive fragility. especially on sun-exposed surfaces such as the 
face and hands, where bullae and erosions with subsequent 
pigmented ‘tissue paper’ scarring are frequently seen. The 
name of this condition derives from the fact that patients 
may present with the skin manifestations associated with the 
non-acute porphyrias, or the disorders characteristic of AIP 
or combinations of both. The enzyme defect is at the level of 
protoporphyrinogen oxidase but there is also a reduced 
amount of PBG deaminase. The gene encoding this enzyme 
is on chromosome 1. The incidence of VP in South Africa is 
the highest in the world: in some areas it may be as high as 
one in 250 of the white population.’ This has been shown to 
result from tke introduction of a single point-mutation by a 
Dutch settler in 1688.°° 


Hereditary coproporphyria 

This condition is far less common than VP and AIP. Acute 
attacks appear to be considerably less severe, and the 
prognosis better. The defective enzyme is coproporphyrino- 
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Table 2 Summary of major biochemical findings ın the acute porphyrias Note that the findings described in the quiescent phase apply only to those with 
biochemically expressed disease, silent carers will demonstrate no abnormality on urine and faecal testing, yet carry the gene and are at risk of an acute 
attack $ 








Disorder Phase Urinary ALA and PBG Urinary porphyrins Faecal porphyrins 

AIP quiescent increased mild increase normal 
acute very high very high as above 

HCP qmescent normal coproporphyrin MI often increased increased coproporphyrin MI 
acute high increased as above 

VP quiescent normal normal increased pentacarboxylic porphyrin MI, 

coproporphynin If and protoporphyrin IX 

acute high high as above 





gen oxidase, encoded by a gene on chromosome 9. As in 
VP, cutaneous photosensitivity is characteristic, though it 
tends to be less severe in the interval between acute attacks 
than it is in VP. 


Plumboporphyria 

This, the rarest of the acute porphyrias,. results from a 
deficiency of ALA dehydratase, which is encoded by a gene 
on chromosome 9. It is associated with an excess of urinary 
ALA analogous to that found in lead poisoning (hence the 


name), although lead concentrations in the blood are - 


normal. Unlike the other acute porphyrias, the mutation is 
recessive, and the disease presents early in life, with all 
clinically manifest cases being homozygotes.'? No refer- 
ences to anaesthesia for patients with this condition have 
been published. 


Implications for anaesthesia 


It might be expected that the cytochrome-mediated metab- 
olism and high lipid solubility of many anaesthetics would 
make many of them porphyrinogenic, and anaesthesia has 
certainly been implicated in the triggering of a number of 
severe porphyric reactions. Nevertheless, most porphyrics 
can be anaesthetized with relative safety provided that 
appropriate precautions are taken. The mainstay of safe 
anaesthetic management of the porphyric patient depends 
on the detection of susceptible individuals, and the identi- 
fication of potentially porphyrinogenic agents. Neither of 
these is simple or readily achievable. 


Identification of susceptible individuals 


Laboratory identification of porphyric subjects is not easy, 
as many of them show only subtle or even no biochemical 
abnormalities during asymptomatic phases. The identifica- 
tion of potentially porphyric patients must, therefore, begin 
with knowledge of the local prevalence of the condition and 
then rely on the recognition of a suggestive personal or 
family history. Any suggestion of porphyria in the patient’s 
history should be taken seriously and appropriate laboratory 
investigations undertaken. Where the urgency of the 
situation precludes full biochemical evaluation, the patient 


should be managed with an anaesthetic technique appro- 
priate for a porphyric patient. The most appropriate test for 
the diagnosis of porphyria will vary according to the type of 
porphyria expected and the patient’s circumstances. Thus, 
when the actual mutation is known in the family, DNA 
analysis is most appropriate. In the absence of this 
knowledge, determination of erythrocyte PBG activity is 
probably the most appropriate screening test for patients 
with suspected AIP, as detection of elevated ALA and PBG 
in urine is less sensitive. In the case of possible VP, HCP or 
a suspected acute attack, biochemical analysis of urine, 
stool and plasma porphyrin profiles is indicated. Direct 
enzyme activity estimates are problematic in these patients, 
because activity is expressed not in erythrocytes but only in 
nucleated cells such as fibroblasts or leukocytes, and then in 
such low amounts that standard assays are unreliable. The 
biochemical tests vary in their ability to identify porphyric 
patients depending on the type of the condition and whether 
or not the individual is in remission or suffering an attack; 
their interpretation is listed in Table 2. It must be 
remembered that prepubertal children who carry the gene 
will be asymptomatic, but are still at risk from an acute 
attack if improperly managed.“ 


Identification of drugs 


The identification of drugs likely to be hazardous to the 
porphyric patient is also far from clear-cut. The labelling of 
drugs as safe or unsafe in porphyria is based on anecdotal 
experience of the use of the agents in porphyric patients and 
reports of the induction of acute attacks, or on measure- 
ments of porphyrins or their precursors in urine or faeces. 
Drugs may be tested for in cell culture models for their 
ability to induce ALA synthetase activity or for effects on 
porphyrin synthesis. Alternatively, their actions on the 
porphyrin synthetic pathway in animal models of porphyria 
can be investigated; in these models, porphyria is mimicked 
by administering known porphyrinogenic agents, such as 
the enzyme-blocking drug dicarbethoxy-dihydrocollidine 
(DC). Both cell culture and animal models tend to 
overestimate the porphyrinogenicity of drugs. A summary 
of anaesthetic drugs for their perceived safety has been 
published previously.” However, as there are often con- 
flicting reports of the safety of anaesthetic drugs in clinical 
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Table 3 Recommendations applied to drugs in the Porphyria Drug Safety Datatase 





Though safety ıs not established beyond doubt, the evidence suggests that the drug ıs unlikely to prove unsafe m pneis: It may be 


There 1s evidence to suggest that the drug may yet prove unsafe in practice, or grounds to suspect this may be so, or too little evidence 
to suggest that ıt may be safe Such drugs should only be used if the expected benefits strongly outweigh the nsks, and an adverse 


There ıs evidence that such drugs have precipitated acute attacks in patients, or other grounds for believing that the nsk of an acute 


There is too little evidence to draw a conclusion, and it is wisest to regard the drug as potentially hazardous and avoid its use. 


Category Description 
Use The drug 18 likely to be safe and may be used freely. 
Use with caution 
(UWC) used provided no safer alternative 1s available or suitable 
Use with extreme 
caution only (JWECO) 
outcome must be anticipated 
Avoid 
attack 1s high 
No data/avoid 
(ND/avoid) 


practice, and since other factors such as infection or stress 
may precipitate a porphyric crisis coincidentally with the 
administration of anaesthesia, it is extremely difficult to 
assess the porphyrinogenic potential of anaesthetic agents 
with precision. Thus, any attempted classification of anaes- 
thetic agents with regard to their porphyrinogenicity is far 
from ideal, and inevitably somewhat arbitrary. 

In view of the difficulties clinicians experience in 
interpreting such terms as ‘possibly safe’ and ‘probably 
unsafe’ in drug lists, the Porphyria Drug Safety Database 
held at the University of Cape Town has been reviewed and 
modified to reflect the terms listed in Table 3, which give a 
clearer indication of the relative desirability of drugs. Those 
drugs most applicable to anaesthesia are listed in Table 4. 
The information presented in this table was obtained by 
examining data from the literature (itself based on clinical 
experience as well as animal and in vitro experiments), from 
personal experience and by the examination of drugs for 
structure, structural similarity and routes of metabolism. As 
such it represents both compromise and intuition unsub- 
stantiated by hard data, and the recommendations cannot be 
guaranteed to prove valid under all circumstances. The list 
should serve as a guide only, and the authors cannot accept 
responsibility for errors or for any adverse experience. More 
information on specific agents may be obtained from the 
authors. 

In general, drugs should be selected in the order Use, 
UWC, UWECO, ND/avoid and Avoid. Particular care must 
be taken when prescribing drugs for patients with AIP or 
clinically active forms of porphyria and when prescribing 
drugs in combination. Aggravation of porphyria is more 
likely under these circumstances. 


Anaesthetic management 

Any patient in whom porphyria is suspected requires a 
careful history, including a detailed family history, and 
thorough physical examination, including a careful neuro- 
logical assessment, paying particular attention to the 
presence or absence of peripheral neuropathy and auto- 
nomic instability.’ Note, however, that in the vast majority 
of patients, there will be no clinical evidence of the disease 
other than possible skin lesions (which are often subtle) in 


those with VP and, in the rare patient who has had previous 
acute attacks, some evidence of neuropathy. 

If an acute crisis is suspected, particular attention must be 
paid to muscle strength and cranial nerve function, as 
symptoms related to these areas may predict impending 
respiratory failure or an increased risk of aspiration. 
Cardiovascular examination may reveal hypertension and 
tachycardia; these should be treated before anaesthesia. 
Respiratory muscle function may be compromised, and 
respiratory function tests may be indicated. In an acute 
crisis, postoperative ventilation may be required. During an 
acute exacerbation, the possibility of non-surgical abdom- 
inal pathology must always be suspected, with a high index 
of suspicion in a patient in whom the severity of symptoms 
is not matched by clinical findings. Preoperative preparation 
in a patient with an acute porphyric crisis must include the 
careful assessment of fluid balance and electrolyte status. 


Premedication 


Most (but not all) benzodiazepines commonly used for 
premedication are considered safe. The phenothiazines may 
have particular advantages. Good anxiolysis has been 
recommended as advantageous.’ Where antacid adminis- 
tration is considered appropriate, sodium citrate may be 
given and ranitidine may be considered. Cimetidine has 
been recommended in the treatment of acute porphyric 
crises, since it may decrease haem consumption and inhibit 
ALA synthetase activity.” However, although it may be 
used safely as an H, receptor antagonist, it does not appear 
to be effective prophylactic therapy.” Preoperative starva- 
tion should be minimized; if a prolonged fast is unavoidable, 
a dextrose-saline infusion should be given during the 
preoperative period, since calorie restriction has been linked 
with the precipitation of acute attacks. In view of the 
frequency with which hyponatraemia is encountered in 
acute attacks, intravenous fluids containing dextrose alone 
should be avoided. 


Regional anaesthesia 


There is no absolute contraindication to the use of regional 
anaesthesia in the porphyric patient. However, careful 
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examination and evaluation of the neurological status of the 
patient before the performance of a regional block is 
essential. Cardiovascular stability may be compromised by 
hypovolaemia and autonomic neuropathy. 

Theoretically, lidocaine, which has been shown to be 
potentially porphyrinogenic in both of the commonly used 
animal models, should be considered unsafe. However, 
wide experience with the agent has not shown significant 
problems either when used as a local anaesthetic or when 
used intravenously for the control of arrhythmias, although 
experience with the latter usage is limited. On the basis that 
a worsening of the neuropathy might be ascribed to epidural 
anaesthesia, fear of litigation has been raised as an argument 
against the use of regional blockade.”° However, as there is 
no evidence that any local anaesthetics have ever induced an 
acute attack or neurological pathology in porphyric subjects, 
there seems no good reason to avoid their use. This view is 
supported by a report of two instances of the use of regional 
anaesthesia in AIP during pregnancy in both of which 
bupivacaine (one epidural and one spinal administration) 
was used without complication.*” The authors concluded 
that there was no evidence that general anaesthesia was 
safer for the pregnant porphyric patient than regional 
anaesthesia, In theory, procaine is the best agent to use, 
but in practice bupivacaine appears to be safe, and the 
intrathecal route, in which a minimum of agent is injected, 
seems ideal. The epidural use of procaine and fentanyl in a 
pregnant porphyric patient has been reported.” Bohrer and 
Schmidt* reported two cases managed with local anaesthe- 
sia and concluded that regional or local anaesthesia with 
bupivacaine, prilocaine, tetracaine or procaine may be the 
technique of choice for porphyric patients whenever the 
technique was applicable. However, problems with haemo- 
dynamic instability, mental confusion and associated 
neuropathy probably preclude the use of regional anaesthe- 
sia in the presence of an acute porphyric crisis,' 7” although 
there are no studies specific to this issue. 


General anaesthesia 


The total dose of drug administered and the length of time 
for which the patient is exposed to the drug may influence 
the probability of triggering a porphyric crisis. The current 
availability of very short-acting anaesthetic agents almost 
certainly contributes to the increased safety of most modern 
anaesthetic techniques, although there are still some areas of 
controversy. 

Induction. The barbiturates are the archetypal inducers of 
ALA synthetase, and all barbiturates, including thiopental, 
must be considered unsafe. Although there are numerous 
reports of the safe use of thiopental in porphyric patients in 
the quiescent phase,” seven out of 10 patients in acute 
porpbyric crisis had their symptoms worsened following 
induction of anaesthesia with thiopental.“° Thus, although 
thiopental will not always precipitate a crisis, all barbitur- 
ates must be considered contraindicated in porphyric 


patients. Etomidate is potentially porphyrinogenic in animal 
models” and at least one crisis has followed its use in 
human subjects, although its safe use has also been 
reported; '® on balance, etomidate should probably be 
considered unsafe. Ketamine is probably safe; it has been 
used safely in quiescent AIP;? *” * its safe use during a 
crisis in HCP has been reported,’ and most animal and cell 
culture models suggest that it is non-inducing. However, an 
increase in ALA, PBG and other porphyrins after ketamine 
has been reported in a patient in the latent phase of AIP, and 
it would seem wise to reserve ketamine for use where 
haemodynamic or other considerations make it the drug of 
choice. The use of propofol in porphyria is also contentious 
to some degree. Animal data are conflicting; there is no 
evidence of porphyrinogenicity in the DDC-primed rat, 
but some evidence of induction of ALA synthetase in the 
chick embryo.'? There are many case reports of patients 
with AIPS 1° 25 29 31 37 46 5058 and HCP* and a prospective 
study of patients with VP** who received propofol safely. 
Although there are two reports of elevated porphyrins 
following propofol anaesthesia in patients with VP” and 
AIP,'® continuous infusions of propofol were used in both 
cases and total doses of 900 or 1300 mg were administered; 
neither patient had any porphyric symptoms following the 
use of propofol. On balance, therefore, it appears that 
propofol can safely be used for induction of anaesthesia, 
although a question mark must remain against its use as a 
continuous infusion. 

Inhalational agents. Nitrous oxide is well established as 
safe and cyclopropane and ether are also thought to be 
without risk. Halothane has been used in many cases of 
porphyria and is generally regarded as safe. There are two 
cases of a possible hazard attributed to halothane supported 
by some experimental evidence. However, in view of 
other experimental data which do not support this view, 
together with extensive clinical experience of its use, 
halothane may be listed as safe.” This is particularly 
important as the status of the other two main potent 
inhalational agents, enflurane and isoflurane, is Jess certain. 
Safe use of isoflurane has been reported? © °=! and there 
appear to be no reports of adverse effects. Isoflurane should 
probably, therefore, be classified as safe, although further 
information needs to be obtained. Enflurane has been shown 
to induce porphyrin synthesis in animal models” ** but has 
been used safely in patients. There are few reports of its use, 
but there seems no absolute contraindication to enflurane in 
porphyric patients. There are no published data relating to 
sevoflurane or desflurane, although the short duration of 
action of both agents, and the minimal metabolism of the 
latter, make them likely to be safe. On balance, halothane 
would appear to be the current agent of choice, and 
isoflurane may be a satisfactory alternative; none of the 
other newer halogenated hydrocarbons are as yet absolutely 
contraindicated, though caution should be exercised in view 
of the very limited experience with their use in porphyric 
patients. 
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Neuromuscular blocking drugs. Succinylcholine has been 
used for many years and has been proven to be safe, as has 
tubocurarine. Though both pancuronium and alcuronium 
have been classified as unsafe by some authors, they have 
been widely used by many anaesthetists without harm. 
Atracurium® 7° 3° and vecuronium?! have been used safely 
in small numbers of patients despite some experimental 
evidence for porphyrinogenicity. There would appear to be 
little to choose between these various agents; by analogy, 
mivacurium and rocuronium too are unlikely to prove 
dangerous, though there are no published data on their 
safety. Caution should, however, be exercised, particularly 
where extended use is intended, for example in the patient in 
the intensive care unit undergoing prolonged ventilation. As 
with propofol, prolonged use may not be safe, whereas a 
single dose may be. 

Analgesic agents. Morphine and its analogues (including 
codeine) are of proven safety, and fentanyl has been shown 
to be safe both in chick embryo culture models and in 
clinical use. Alfentanil has also been used frequently with no 
reported complications. More recently, fentanyl” and 
sufentanil®* have been used as a major component, in 
combination with isoflurane and atracurium, in open heart 
surgery without problems.° These cardiac surgical reports 
also refer to the safe use of heparin. Pethidine (meperidine) 
has a proven track record of safety despite a single case 
report implicating it in a porphyric attack.'* Pentazocine and 
tilidine have been listed by several authors as unsafe, though 
the reasons for this are unclear. There is evidence both for“ 
and against’? the porphyrinogenicity of pentazocine in 
experimental systems, Of the non-opiate analgesics, aspirin, 
acetaminophen, indomethacin and naproxen have proven 
safe. Disler and Moore!* recommend the avoidance of the 
pyrazalone derivatives (such as phenylbutazone), the 
anthranic acid derivatives (such as ibuprofen and fenopro- 
fen) and diclofenac. There is no information regarding 
ketorolac. 

Cardiopulmonary bypass is a specific problem, as the 
additional stress imposed by hypothermia, the haemolysis 
induced by the bypass pump, blood loss and the large 
number of pharmacological agents that need to be 
administered may all worsen the risk of development 
of a porphyric crisis. However, there are several reports of 
the safe performance of cardiac surgery in porphyric 
patients provided that appropriate drug regimens are 
selected.*” 5! * 55 Blood loss, with its consequent increase 
in haem demand by the bone marrow, does not appear to 
stress the haem synthetic pathway sufficiently to provoke a 
porphyric crisis.” 


Guidelines for selecting drugs for anaesthesia 
in patients with porphyria 

No cases of anaesthesia-induced porphyric crisis have been 
reported to the national porphyria referral centre at Groote 


Schuur Hospital in the last 20 years. This is probably not 
only the result of improved patient screening and careful 
drug selection; we believe that in many instances drugs of 
unproven safety or even those which are known to aggravate 
porphyria have been administered. The following factors are 
relevant, and will be taken into account by the prudent 
anaesthetist. 

(i) There is evidence that single exposures to potent 
inducers, such as thiopental, are often tolerated, but 
that exposure in patients whose porphyria is already 
induced is dangerous.” It seems likely that the risk 
with modern, short-acting anaesthetic agents is low, 
possibly because their rapid elimination means that 
exposure time is not long enough for significant 
enzyme induction to occur. Repeated or prolonged 
exposure may, however, be dangerous, as may be the 
case with propofol described above. 

There is reason to believe that exposure to multiple 
potential inducing agents may be far more dangerous 
than exposure to any one drug. 

Some of the drugs traditionally listed as unsafe on the 
basis of animal or cell culture experiments may not, in 
practice, be unsafe. 

Case reports reporting adverse outcomes are frequently 
unreliable. They may be written by clinicians inex- 
perienced in the interpretation of porphyrin biochem- 
ical data; sometimes this amounts to blatant ignorance, 
as when drug outcomes are reported in patients with 
PCT, which is not an acute porphyria. 

This has led to the more recent, lenient approach to 
recommendations for drug administration reflected in 
Table 4 and in the paragraphs above. However, a more 
relaxed approach is under no circumstances to be confused 
with a careless or unthinking approach. Every patient must 
be assessed individually. In particular, patients with 
evidence of more active porphyria or a history of acute 
attacks, particularly of AIP, and prolonged administration of 
drugs not known unequivocally to be safe, or their 
sequential or concomitant use, provide fertile ground for 
the precipitation of an attack. 


(ii) 


(iii) 


Gv) 


Inadvertent use of porphyrinogenic drugs 

If a porphyric patient is given a triggering agent, either 
because of failure to detect the porphyric status of the 
patient, or by simple human error, a number of steps have 
been recommended.”! No specific prophylactic therapy is 
available, but since carbohydrate loading can suppress 
porphyrin synthesis, it is recommended that oral carbohy- 
drate supplements should be given with a target of 200 kcal 
24 h`. If oral feeding is impossible, a 10% dextrose~saline 
infusion should be given. Haematin, which is the most 
effective therapy for an acute attack, has not been evaluated 
as a prophylactic, but should be available and administered 
promptly if an attack occurs. The patient should be 
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Table 4 Recommendations for the use of anaesthetic drugs in the acute 
porphynias (adapted from ref 24). The terms used for the recommendations 
are explained in Table 3, and should be read in conjunction with the text 
*There are no published data on these drugs, ther recommendations are 








based on a comparison with drugs of the same class 
Drugs Recommendation 
Inhalational agents Nitrous oxide Use 
Cyclopropane Use 
Halothane Use 
Enflurane UWC 
Tsoflurane UWC 
Sevoflurane* uwc 
Desflurane* UWC 
Intravenous induction Propofol Use 
agents 
Ketamine UWC 
Barbiturates Avoid 
Etomidate Avoid 
Analgesics Acetammophen Use 
Alfentanil Use 
Aspian Use 
Buprenorphine Use 
Codeine Use 
Fentanyl Use 
Pethidine (meperidine) Use 
Morphine Use 
Naloxone Use 
Sufentanil Use 
Diclofenac UWECO 
Ketorolac* UWECO 
Phenacetin UWECO 
Tildine UWECO 
Pentazocine Avoid 
Neuromuscular Tubocuranne Use 
blocking drugs 
Pancuronium Use 
Succinylicholine Use 
Alcuronum UWC 
Atracunum Uwe 
Rocuronium* UWC 
Mivacunum* UWC 
Vecuromum UWC 
Neuromuscular block Atropine Use 
reversal agents 
Glycopyrrolate Use 
Neostigmine Use 
Local anaesthetics Bupivacaine Use 
Lidocaine Use 
Polocaine Use 
Procaine Use 
Tetracame Use 
Cocaine UWC 
Mepivacaine Uwc 
Ropivacaine ND/Avoid 
Sedatives and anti- Domperidone Use 
emetics 
Dropendol Use 
Phenothrazanes Use 
Temazepam Use 
Tnazolam Use 
Benzodiazepines other UWC 
than listed 
Cimetidine UWC 
Diazepam UWC 
Lorazepam UWC 
Metoclopramide UWwc 
Midazolam UWC 
Ondansetron UWC 
Oxazepam UwWC 
Ranitidine UWC 
Chlordiazepoxide UWECO 
Nitrazepam UWECO 


Table 4 continued. 








Drugs Recommendation 

Cardiovascular drugs Epinephrine Use 
Magnesium Use 
Phentolamine Use 
Procunamide Use 
a-Agonists Use 
B-Blockers Use 
B-Agomats Use 
Diltrazem UWC 
Disopyramide UWC 
Sodium nitroprusside UWC 
Verapamil uwc 
Hydralazine UWECO 
Nifedipine UWECO 
Phenoxybenzamine UWECO 





monitored carefully with urine sampling for porphyrins for 
at least 5 days and supportive therapy given if necessary. 

Should an acute attack occur, the first step in 
management is to ensure that any possibly precipitating 
factors are withdrawn. Adequate hydration and carbo- 
hydrate intake must be ensured in the face of the nausea 
and vomiting which accompanies the acute attack; use 
of a nasogastric tube may be necessary. Pain often 
requires opiates in high and frequent doses. Sedation 
with phenothiazines may assist by encouraging sleep, 
which has been reported to diminish the pain, but is 
usually unnecessary when sufficient doses of opiate have 
been given. Nausea and vomiting will respond to the 
phenothiazines, and ondansetron may be useful if 
extrapyramidal side-effects occur, although its use in 
this setting has not been described. Beta-adrenergic 
blockers may be valuable in controlling tachycardia and 
hypertension, and may also decrease the activity of ALA 
synthetase. Fluid balance and electrolyte disturbances 
must be managed aggressively. Magnesium sulphate 
infusions may be useful in the management of crises 
associated with magnesium deficiency.°° Should convul- 
sions occur, the traditional anticonvulsants are, of course, 
largely contra-indicated, but diazepam and clonazepam 
may be used. Haematin is the only specific form of 
therapy; it is thought that it supplements the intracellular 
free haem pool, thus repressing ALA synthetase. This 
agent, together with advice on its use, is usually available 
from expert centres specializing in porphyria. However, it 
is unstable and can cause renal failure, thrombophlebitis 
and dose-related coagulopathy.’ * ° Haem arginate is 
more stable and does not have the adverse effects 
attributed to haematin.*' It may be preferable to 
haematin.*” Somatostatin decreases the rate of formation 
of ALA synthetase and, together with plasmapheresis, has 
been used successfully to reduce pam and produce 
complete remission of symptoms in seven porphyric 
patients with acute exacerbations.” 
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Conclusions 


The acute porphyrias are rare but they are important in 
anaesthesia because of the wide range of agents that can 
trigger an acute crisis. The recent appearance of pharma- 
cological agents with short half-lives and the availability of 
a wide range of anaesthetic drugs that are almost certainly 
safe in the patient with acute porphyria have markedly 
reduced the dangers associated with anaesthesia in these 
patients. Consequently, provided that reasonable precau- 
tions are adopted, and sensible guidelines followed, anaes- 
thesia for porphyric patients should not prove unduly 
hazardous. 

The simplest course for the practising anaesthetist to 
adopt is not to attempt to remember a large range of drugs 
that are potentially hazardous, but rather to develop a 
simple, safe technique based on agents that have minimal 
risk of triggering a porphyric crisis. On the basis of the 
literature reviewed in this article, it would appear that 
propofol is now the induction agent of choice, although 
ketamine may be used if required. Most muscle relaxants 
appear to be reasonably safe, and all of the inhalational 
agents, with the possible exception of enflurane, can 
probably be used. Analgesia can be provided with any of 
the opiates currently in use, though tilidine and pentazocine 
should be avoided and care should be taken in choosing a 
non-steroidal anti-inflammatory agent. Regional anaesthe- 
sia, with any of the currently available agents, is not 
contraindicated and may be of benefit where appropriate. 
There is thus a more than adequate range of pharmaco- 
logical agents available for use in the porphyric patient. The 
choice of agent may be based more on the patient’s 
anaesthetic and surgical requirements, rather than governed 
by the specific requirements imposed by porphyria. 
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Pulmonary hypoperfusion in cyanotic heart 
disease 


J. A. Short*, $. Paris*, P D. Booker* and R Fletcher 

Royal Liverpool Children’s NHS Trust, Eaton Road, Liverpool Li2 2AP, 
UK 

In anaesthetized normal children, the arterial-endtidal Pco, differ- 


ence is zero.! In congemutal heart disease with right-to-left shunting, - 


endtidal Pco, is less than arterial Pco, resulting in an obligatory 
arterial-endtidal Pco, difference, which correlates with arterial 
saturation.! However, the shunt can also reduce pulmonary blood 
flow, potentially causing pulmonary hypoperfusion and a further 
increase in the arterial—endtidal Pco, difference. We wished to 
see if any effect of hypoperfusion was in fact discernible, by 
comparing observed and predicted arterial-endtidal Pco, differ- 
ences in normal and cyanotic children. 

Children undergoing cardiac surgery were anaesthetized with 
midazolam/fentanyl/N2O/oxygen and the lungs ventilated (Servo 
900C). Recordings were made simultaneously of core temperature, 
haemoglobin, Sao, PAo, Paco, (Chiron Diagnostics 865), and 

and Pco, (Datex Capnomac). The capnograph was calibrated 
against the blood gas machine daily using a calibration gas 
Predicted arterial-endtidal Pco, differences were calculated from 
the above data and from carbon dioxide dissociation curves. | 
Complete data were obtained from 60 children. However, six of 
the first 10 children investigated had physiologically inconsistent 
data; the first 10 subjects have therefore been excluded from 
analysis. The remaining 50 children were aged 3 days to 10 years, 
(median 10 months). 
Figure 1 shows the observed and predicted artenal~endtidal 
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Fig 1 Observed (crosses) and predicted (dots, solid regression line) arterial 
endtidal differences, plotted against Sao... 


differences, plotted against Sao. The mean observed arterial- 
endtidal Pco, difference was 1.07 (sp 0.58) kPa; the predicted 
mean was 0.42 (029), P<0.0001. This suggests that most of 
the children studied have arterial-endtidal Pco, differences 
considerably greater than predicted, suggesting that pulmonary 
hypoperfusion is common. However, the results are at variance 
with previous work,! which demonstrated a mean arterial-endtidal 
Pco, difference of zero in well oxygenated children. 


Keywords: anaesthetic techniques, subarachnoid; anaesthetics 
local 


Reference 
L Fletcher R. Anesthesiology 1991; 75: 210-6 


Respiratory function after removal of chest drain 


A. S. Habib* and D. J. R. Duthie 


Unwersity Department of Anaesthesia, Glenfield Hospital, 

Leicester LE3 90P UK 

Respiratory complications are a mayor cause of morbidity after 
cardiac surgery. With trends towards earlier extubation, patients 
breathe spontaneously for longer with chest drains im situ. 
Hypoventilation and rapid shallow breathing initiate changes 
leading to atelectasis.) Effects of chest drains on lung function 
after surgery have been studied according to drain entry site and 
whole lung spirometry.? We have measured alveolar ventilation 
before and after chest drain removal. 

Four measurements were made: before surgery (event 0), after 
surgery following extubation, but before (event 1), 30 min (event 
2) and 4 h (event 3) after chest drains were removed. A Novametrix 
COSMO + was used to measure alveolar ventilation by the single 
breath carbon dioxide technique. Data were analysed using 
ANOVA and linear regression analysis. P<0.05 was accepted as 
being statistically significant. 

Thirteen patients were studied. They were of mean age 68 
(range 54-76) yr, weight 73 (11) kg (mean (sD)) and height 171 
(8) cm. Nine were male. Nine patients had coronary artery 
bypass grafting (CABG), two aortic valve replacement (AVR), 
one AVR and CABG, and one mitral valve repair and tricuspid 
valve replacement. Alveolar minute volumes were 6.7 (4.2) litres 
min” preoperatively, 3.6 (2.1) litres min“! before chest drain 
removal and 4.0 (2.2) and 5 1 (2.8) litres min`? 30 min and 4 h 
after chest drain removal, respectively (Fig. 2). Values at the 
four measurement times were significantly different (P<0.0001). 
Alveolar minute volume before chest drain removal was 3 1 (0.6— 
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Fig 2 Alveolar minute volumes preoperatively and before and 4 h after chest 
drain removal (range, IQR, median, 19, 32, 928 are observation outliers). 


5,6) litres min~! (mean (95% CL)) less than that before surgery 
(P=0.018). There was no increase in alveolar ventilation 30 min 
after chest drain removal but after 4 h, alveolar ventilation was 
1.5 (0.2-2.9) litres min“! higher than before chest drain removal 
(P=0.03). There were no differences ın alveolar ventilation before 
surgery and 4 h after chest drain removal. There was no correlation 
between alveolar ventilation and time since admission to the 
cardiac surgery intensive care unit (P-=0.0031). 

Return to preoperative values does not occur within the first 
30 min after chest drain removal. 


Keywords: surgery, cardiovascular, ventilation, alveolar, lung, 
function 
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Phasic abdominal muscle action after major 
abdominal surgery 


M. Rahman*, R. Kingshott*, W. Adams* and G. B. Drummond 


Department of Anaesthetics, Royal Infirmary, Edinburgh, UK 

After major abdominal surgery, episodic hypoxaemia is frequent 
when opioid analgesia is used. Episodes of hypoxaemia occur 
in association with airway obstruction. During these episodes, 
respiratary movements become abnormal and are associated with 
probable phasic abdominal muscle action.! Episodic respiratory 
disturbance and hypoxaemia are reported to occur only during 
sleep.? We studied the incidence of phasic activity of abdominal 
muscles in patients after major abdominal surgery, and the 
relationship of this activity to sleep and airway obstruction. We 
expected to find phasic activity and obstruction during sleep. 

We recruited 12 patients about to have major surgery. We 
recorded EEG (C3C4 and C,P,), EOG, submental EMG, external 
oblique abdominal muscle EMG, and gas flow at the nose using 
a nasal cannula pressure transducer, with a miniature data logging 
system (Embla). Satisfactory recordings of all the signals were 
obtained in eight patients. The records were replayed and analysed 
separately by an observer who was not aware of their origin. We 
developed criteria for sleep staging during opioid analgesia, 
because the usual EEG frequencies associated with sleep did not 
match changes in submental EMG or EOG. These were consistent 


between different scorers. The appropriate trace(s) were analysed 
separately in 30 s epochs for phasic or continuous abdominal 
EMG pattern, flattening of the inspiratory flow signal and sleep 
state. We report median and interquartile range to summarize the 
data. Association between EMG, abnormal flow and sleep state 
was assessed by quasi likelihood in a log-linear model 

Sleep occurred for 62 (46-69) % of the study time. No patient 
had sleep deeper than stage 2. Inspiratory flow was clear for 69 
(48-81) % of the time during sleep and for 51 (28-77) % of the 
time during wakefulness. Abdominal muscle action was 12% more 
likely to be phasic during obstructed breathing in the awake state 
(P<0.001) and there was less phasic flow when patients were 
asleep. These findings are surpnsing and suggest that airway 
obstruction disrupts sleep, although there was no clear relationship 
between wakefulness and airway obstruction. We cannot confirm 
the findings of Catley and colleagues? that disturbed breathing is 
exclusively found in sleep. 


Keywords: sleep; surgery 
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‘Target-controlled’ propofol for endoscopy in 
snorers 


P. Charters! and T. Jones?* 


Departments of !Anaesthesia and “ENT, University Hospital Aintree, 
Liverpool L9 7AL, UK 

Surgery for snoring remains controversial. Preoperative assessment 
is uncertain. We sought to determine whether propofol alone, 
delivered at mnımum ‘effect site’ by Diprifusor TCL would allow 
an appropriate endoscopic examination (1.e. close to natural sleep- 
induced snoring). Patients listed for snoring surgery were recruited 
at the preoperative surgical clinic. The majority were then admitted 
to a hotel adjacent to the hospital the night before surgery (for a 
related sleep study). The study endoscopy was the following 
morning and the planned surgery was in the afternoon. Obese 
subjects and those with obvious risk of oesophageal reflux were 
excluded. Approval by the local ethics committee was conditional 
on all sedations being personally administered by a consultant 
anaesthetist. 

Patients fasted overnight and were not premedicated. Intravenous 
access was established. Patients were monitored with ECG, non- 
invasive arterial pressure and pulse oximetry. Respiratory rate, 
pattern and presence of snoring, and the degree of sedation were 
noted. The patients were supine; the position of their head and 
neck was monitored with an angle finder.! Supplemental oxygen 
was not administered. Transient dips in oxygen saturation to 
<90% with rapid recovery, or continuous falls to <93%, were 
treated by adjusting the position of the head and neck. If this 
failed to correct desaturation, the study was terminated. Propofol 
administration was increased stepwise until nasal and oral upper 
airway endoscopy became possible. Three schedules for initial 
‘effect site’ increments (group 1: 0, 0.5 and 1.0 pg ml"!; group 
2: 0 and 1.0 pg mi; group 3: 0 and 1.5 pg ml!) were used; all 
subsequent increments were 0.2 ug mi until endoscopy or 
propofol discontinuation. After each increment, 5 min was allowed 
for equilibration before making observations and testing whether 
endoscopy was possible. 
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Table 1 Patient age, weight and height along with effect site and awakening concentration 











Group n Age, yr Weight, kg Height, an ES, pg mt! Time to ES, AL, pg mt} D<20% 
(sp) (sp) min (sp) min (sD) (80) 
1 5 44 93.2 (16 4) 176 (5 1) 2.1 (0.1) 106 8 (20.5) 1.2 (03) 0 
43.9 100.8 (9 8) 177 9 (7.2) 2.1 (02) 88.0 (11 5) 1 5 (0.4) 2 
3 11 442 925 (10 1) 173 3 (6 0) 21 (0.3) 568 (20 1) 1.4 (0 5) 4 











AL=awakening level; D=difference between endoscopy level and awakening level, ES =overall mean effect site 


Twenty-four patients, two female, were recruited. The three 
groups were comparable with regard to age, weight and height 
(Table 1). Sedation was terminated in two patients: one (from 
group 2) had increasing airway difficulty and the other (group 3) 
had inadequate sedation (probably related to pain from a 
longstanding back problem.) Secretions were problematic in one 
patient, and in another endoscopy was limited by unsatisfactory 
sedation resulting from a full bladder. The overall mean effect 
site for endoscopic assessment was 2.1 (sp 0.4) ug mi” and the 
awakening level was 1.4 (sp 0.5) ug mi". In six of the 22 patients 
the latter was within 20% of the endoscopy level. 

Sedation by this method gave stable conditions for endoscopy 
(lasting up to 30 min) in 20 of 24 patients. Limited endoscopy 
was possible ın two others. Loss of the airway occurred in one 
patient but was corrected rapidly on stopping the infusion. No 
patient complained of adverse effects 1 h after the procedure or 
when reviewed as ENT outpatients. Endoscopy at minimum effect 
site level is time consuming and analysis of the wider study of 
which this is a part will be needed to show how nearly this 
approximates to natural sleep-induced snoring. 


Keywords: anaesthetics, i.v., propofol; surgery, bronchoscopy; 
airway 
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Functional iron deficiency in critical illness 


S. D. Murdoch!, C. O'Malley? and M. C Bellamy! 


‘Intensive Care Unit and ?Department of Haematology, St James’s 
University Hospital, Leeds, UK 

Functional iron deficiency FID 1s defined as > 10% hypochromic 
red cells. It occurs commonly ın critically ill patients and 1s 
associated with prolonged intensive care stay and duration of 
SIRS.! Reticulocyte haemoglobin content is also a measure of 
iron availability and reflects more acutely changes in iron 
availability to newly formed cells. Reticulocyte haemoglobin 
content of <28 pg represents functional iron deficiency? 

We studied 149 consecutive adult patients admitted to one 
intensive care unit. Patients were excluded if they had received a 
recent massive blood transfusion (>8 units) or suffered 
haematological malignancy or chronic renal insufficiency. 
Functional iron deficiency was measured using both measures: 
percentage red cell hypochromasia and reticulocyte haemoglobin 
content. Measurement was performed on routine samples (using 
a Bayer Advia 120 auto-analyser). The interval between sampling 
and testing was minimized, because red cells swell with delays 
in testing 

Thirty-seven (25%) patients had red cell hypochromasia of 
> 10%, in keeping with previous published results, 10 patients 
(7%) had functional iron deficiency as defined by reticulocyte 
haemoglobin content of <28 pg. There was a correlation between 
red cell hypochromasia and reticulocyte haemoglobin content in 
patients without FID by the standard definition (1.e red cell 


hypochromasia <10%): r=—0.4497; P<0.0005). Above this level 
of red cell hypochromasia (‘FID’ patients), there was no significant 
relationship between red cell hypochromasia and reticulocyte 
haemoglobin content (r=0.1785; P=0.393). There was no 
statistically significant relationship between mean corpuscular 
volume and percentage red cell hypochromasia for the whole 
population (Pearson coefficient=—0.0901; P=0.368). Moreover, 
in patients developing acute critical illness, the development of 
red cell hypochromasia occurs at a rate which could not be due 
to the production and release of new red cells alone. 

Red cell hypochromasia is not diagnostic of functional iron 
deficiency in the critically ul patient. Functional iron deficiency 
as measured by reticulocyte haemoglobin content occurs less 
frequently in this population than has been previously reported. 
Red cell hypochromasia may represent an acute change in red 
cells, which is easily measured and warrants further investigation. 


Keywords: blood, haemoglobin; intensive care 
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Does nitrous oxide make induction of anaesthesia 
with sevoflurane more exciting? 


H. O’Shea*, S J Moultne* and G B. Drummond 


Department of Anaesthesia, Royal Infirmary, Edinburgh, UK 

Nitrous oxide is often used as an adjunct for inhalational induction 
of anaesthesia with sevoflurane, but the side effects caused by 
nitrous oxide could make induction of anaesthesia more difficult 
and longer. We compared induction times, oxygenation and 
excitatory events during sevoflurane induction with and without 
nitrous oxide. 

Sixty-four unpremedicated patients were recruited from elective 
gynaecology lists. Anaesthesia was induced with sevoflurane after 
random allocation to a carrier gas of either oxygen or 50% nitrous 
oxide in oxygen. A Mapleson D co-axial breathing circuit was 
used to deliver oxygen at 10 litres min“! for three breaths through 
a well fitting face mask. Gas flow was reduced to 3 litres min“! 
and sevoflurane 0.5% was added to the randomly allocated gas 
mixture. The sevoflurane concentration was doubled every three 
breaths to 8% then maintained for 15 s, after which the fresh gas 
flow was increased to 6 litres mini. These gas flow changes 
reduce apnoea during inhalation induction.” 

Induction was timed from when sevoflurane was added to the 
carrier gas. The patient held her arm up at 30° above the horizontal 
during induction. Induction time was measured when the patient’s 
arm fell to below the horizontal. We noted excitatory events such 
as vocalization, or movements of the head, neck, body or limbs, 
events when the pulse oximeter reading was <94%, and if 
breathing movements were absent for >10 s (apnoea). The 
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‘Table 2 Features of patients and characteristics of mduction in groups receiving 
and not recetving nitrous oxide 








No nitrous oxide Nitrous oxide 
Number of patients 36 26 
Age, yr (mean (range)) 31 (16-59) 28 (16-50) 
Weight, kg (mean (range)) 65 (48-93) 62 (44-90) 
Induction time, s (mean (3D)) 102 (27) 102 (24) 
No. of patients with excitation 5 10 


No. of patients with Spo2<94% 2 1 
No of patients with apnoea 1 0 





observers were not blinded. Statistical analysis using Microsoft 
Excel 97 was carried out with Student’s ¢ test and chi-squared, as 
appropriate. 

There were no obvious differences in the characteristics of the 
groups, and no statistically significant difference in induction time 
between the two groups. Excitation was more common in patients 
who received nitrous oxide (P<0.05) (Table 2). 

In these young fit patients, adding nitrous oxide to sevoflurane 
for inhalation induction does not affect induction time and is 
associated with more excitatory movement. The use of nitrous 
oxide has no advantage when added to sevoflurane for inhalation 
induction. 


Keywords: anaesthetic, gases, nitrous oxide; anaesthetics, volatile, 
sevoflurane; anaesthetic techniques, induction 
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Effects of haemorrhage on the rat mesenteric 
microcirculation during ketamine anaesthesia 


Z. L. S. Brookes, N. J. Brown* and C. S. Reilly 


Division. of Surgical and Anaesthetic Sciences, University of Sheffield, 
Sheffield, UK 
We have previously performed experiments on the rat cremaster 
muscle during ketamme anaesthesia.! Following haemorrhage, a 
threshald systolic pressure of 105 mm Hg was observed, below 
which constriction of small arterioles (<30 um) converted to 
dilation! The aim of this study was to determine whether 
similar responses occurred in mesenteric vessels. Previous studies 
with thiopental have demonstrated differential responses to 
haemorrhage in the cremaster and mesenteric microcirculation.? 3 
Ninete2n male Wistar rats (150-200 g) were anaesthetized with a 
sleep dose of ketamine (30-60 mg kg™") via the tail and maintained 
with an i.v. infusion of ketamine (50-90 mg kg h-!). Oxygen 
(30%) was blown over the animals, cardiovascular variables were 
monitored and the mesentery was prepared for in vivo microscopy.* 
FITC-BSA (025 ml 100 g7!) was administered via the carotid 
artery- to measure vessel integrity. An equilibration period of 
30 min was allowed before the study. In all groups of animals 
(n=19), vessel diameters and macromolecular leak were recorded 
every 10 min for 120 min. During haemorrhage (n=7) and 
haemorrhage re-infusion (n=6), 10% blood volume was removed 
over 10 min (0.75 ml 100 g!). In the haemorrhage re-infusion 
group, 30 min after blood removal, saline:blood (2:1) was re- 
infused over 10 min. 

Before haemorrhage, vessel diameters (um) were as follows 
(mean (SEM), n= 13): arterioles, 12.6 (1.1); venules, 16.2 (1.4); and 
capillaries, 7.5 (0.4). Initially, haemorrhage induced hypotension: 


systolic arterial pressure (SAP) decreased from 124.7 to 92.5 mm 
Hg and diastolic arterial pressure (DAP) from 92.7 to 62.7 mm 
Hg (n=13, P<0.05). When SAP decreased to <105 mm Hg, the 
percentage change in vessel diameter (mean (SEM)) demonstrated 
constriction of arterioles (-11.3 (2.0)%, n=11) and venules (~—5.6 
(1.4)%, n= 10) but capillaries dilated (24.9 (6.5)%, n=7). However, 
when SAP was maintained above 105 mm Hg, arterioles (22.0%, 
n=2) and venules (10.5%, n=3) dilated and capillanes constricted 
(-7.5 (1.6)%, n=6). Haemorrhage had no significant effect on 
macromolecular leak. Re-infusion transiently improved 
cardiovascular variables and vessel diameter but had no effect on 
macromolecular leak from arterioles, venules or capillaries. 

The effect of haemorrhage on the diameter of mesenteric arterioles 
and venules was different from that seen in the cremaster muscle 
during ketamine anaesthesia at the same threshold (105 mm Hg).! 
Responses also differed from those observed in the mesentery 
with thiopental anaesthesia,? suggesting that i.v. agents 
differentially alter microcirculatory responses to haemorrhage. 
Unlike with thiopental, macromolecular leak did not occur 
following re-mfusion of ketamine,” so ketamine may maintain 
vessel integrity following haemorrhage and re-infusion. 


Keywords: haemorrhage; microcirculation; anaesthetics, i.v., 
ketamine 
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A new approach to noninvasive diagnosis of 
capillary leakage syndrome in septic shock 
patients 


G. Marx!*, H. Rueckoldt!*, B Vangerow!*, M. Cobas Meyer !*, 
C. Burczyk '*, N. Maassen ?*, K, F, Gratz 3* and M. Leuwer! 


Departments of ‘Anaesthesiology, *Physiology and Nuclear Medicine, 
Hanover Medical School, D-30625 Hanover, Germany 

Capillary leakage syndrome (CLS) is a frequent complication in 
sepsis.! It is charactenzed by loss of intravascular fluids leading 
to generalized oedema and haemodynamic instability despite 
massive fluid therapy.? There are no standardized criteria for 
diagnosis of CLS. 

This prospective clinical study was performed in sıx patients 
with septic shock (SOFA score = 12 + 2), multiple organ failure 
and CLS compared with six control patients. CLS was judged 
clinically by generalized oedema, positive fluid balance and weight 
gain. Fluid therapy aimed at an intrathoracic blood volume 
index (ITBVI) of >750 ml m°. Plasma volume measured using 
indocyanin green (PV-ICG), red blood cell volume measured using 
tagged chromium-51 (RBC-*!Cr) and colloid osmotic pressure 
(COP) were measured before (T1; 0 min) and after (T2; 90 min) 
administration of 300 ml of 20% albumin. Extracellular water 
(ECW) was determined from inulin distnbution volume and 
bioelectrical impedance analysis.? Data are presented as mean 
(sD). Statistical comparison between groups was performed by 
t-test with Bonferroni-Holm correction. P=0.05 was considered 
significant. 

. These results (Table 3) suggest that ECW prediction by 
bioelectrical impedance in combination with measurement of COP 
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Table 3 Fluid compartments in CLS group compared with control group CLS=capillary leakage syndrome, PV-ICG=plasma volume measured photometnically 
using indocyanin green; RBC-*!Cr=red blood cell volume measured using erythrocytes tagged with chromum-5!1; COP=colloid osmotic pressure; 
ITBVi=intrathoracic blood volume index, Hc = central venous haematocrit, ECW-inulin=extracellular water measured by mulm distribution volume; ECW- 
BiA=extracellular water predicted by bioelectrical impedance (resistance at 5 kHz) *P<0 05 for CLS group versus control group 














Ti T2 
CLS (n=6) Control (n =6) CLS (n=6) Control (n=6) 

PV-ICG (ml kg body weight!) 43 (8)* 58 (10) 47 (12) 60 (9) 
RBC-*!Cy (ml kg body weight™) 20 (1) 23 (4) 21 (1) 23 (4) 
COP (mm Hg) 14.3 (3.6)* 19 4 (25) 15.4 (3 8)* 22.2 (3.3) 
Increase 11 (0.3)* 2.8 (13) 
Haemoglobin (g d1!) 11 7 (0.8) 110007) 106 (0.9) 10 3 (0.8) 
He (%) 34 (2) 32 (2) 31 (2) 30 (2) 
ITBVI (mi m-*) T15 (245) 808 (397) 761 (216) 934 (392) 
ECW-mulin 40 0 (6 9)* 21737 
ECW-BIA (litres) 36 7 (3.8)* 22 4 (2,8) 








response to administration of hyperoncotic solution may serve as 
a useful approach to diagnosis of CLS in critically ill patients. 


Keywords: microcirculation, capillary; infection, septicaemia 
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Can a ‘consciousness compartment’ in the brain 
be specified? 


D. C. White and G. G Lockwood 


Northwick Park Hospital, Harrow, Middlesex, UK 

The sıte of action of anaesthetics within the brain remains 
elusive. We have examıned available data on the rate of onset 
of unconsciousness in adults following vital capacity breaths of 
mhalational agents. This enables us to estimate the perfusion of 
the site of action that would be required to bring about a partial 
pressure equal to MAC, ware in the measured time. We have also 
examined data on the time taken to recover consciousness following 
withdrawal of the agent. 

Of the relevant publications, many relate to children and most 
employ nitrous oxide or other supplements which confound 
interpretation. The uncertainty of the solubility characteristics of 
the site of action makes comparison between perfusion estumates 
drawn from different agents unreliable. We have found only three 
studies'3 that allow comparison between their results, using the 
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Fig 3 Calculated perfusion rates for (a, b) the mean induction umes (from 
(a) Nakata et al.! and (b) Inomata et al.3) and (c) recovery times (from 
Eger et al”). The error bars show the perfustons calculated from the 95% 
Cl of the mean times. 


same agent (sevoflurane) and the same test as used to estimate 
MAC, wake (response to command). 

We have predicted alveolar concentrations during a breath- 
holding, vital capacity technique, assuming instantaneous mixing 
of inspired gas with the residual volume and no recirculation 
during the period of study. The rate of change of alveolar 
concentration is then determined by the rate of uptake of anaesthetic 
(a function of cardiac output and blood solubility) and the total 
lung capacity. This model fits the limited data available.4 We 
assume that alveolar and arterial partial pressures are identical 
and that wash-in to the ‘consciousness compartment’ is 
exponential, with rate constant equal to the quotient of the 
perfusion and the blood:brain partition (taken to be 1.48 for 
sevoflurane) The other studies have been simulated using an 
updated version of our program Narkup*, which calculates the 
measured end-expired concentrations accurately. 

Figure 3 shows calculated perfusion rates for the mean induction 
and recovery times. The difference between the induction and 
eduction times can be explained by postulating at least two 
compartments essential for consciousness, having differing 
perfusion rates. We conclude that no single ‘consciousness 
compartment’ can be specified. 


Keywords: anaesthesia, depth; 
monitoring 
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Implications of twitch simulation for the 
mechanism of reversal of neuromuscular block 


¥. Nigrovic! and A. Amann** 


'Departments of Anesthesiology and Pharmacology, Medical College of 
Ohio, Toledo, OH, USA *Department of Anaesthesia and Intensive Care 
Medicine, The Leopold Franzens University, Innsbruck, Austria 

The available pharmacodynamic models for nondepolarizing 
muscle relaxants simulate the neuromuscular block (NMB) as a 
fonction of the relaxant’s concentration at the site of action. 
Hecause the reversal agents (which presumably inhibit the enzymic 
degradation of acetylcholine (ACh) ın the synaptic cleft) do not 
change the concentration of relaxant and yet re-establish the full 
twitch strength, these models are not suitable to simulate the 
reversal of NMB. A promising approach would be to simulate 
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(i) the physiological events that occur during neuromuscular 
transmission and (ii) the NMB resulting from competition between 
ACh and the muscle relaxant for binding to postsynaptic receptors 
at the motor endplate. If the degradation of ACh 1s also explicitly 
included in such a model, then the presumed mechanism of 
action of the reversal agents may be simulated in the model. The 
aim of the study was to use such a model and determine whether 
inhibition of ACh degradation 1s adequate to increase a half- 
maximal single twitch to its full strength as has been demonstrated 
under clinical conditions with all the reversal agents. 

The model considers explicitly the number of postsynaptic 
receptors (2.1X10") in a single endplate, the number of ACh 
molecules released by a stimulus (2.110°), the degradation rate 
of free ACh (ty = 1 ms) and the affinities of the receptors for 
ACh and the muscle relaxant. The affinities were defined by the 
ratio association rate constant:dissociation rate constant. The twitch 
strength was defined as a function of the concentration of the 1:1 
ACh-receptor complex. Events occuring after formation of the 
ACh-receptor complex were not considered. In the presence of 
ICso of a hypothetical muscle relaxant, the twitch 1s half-maximal, 
while in the absence of the muscle relaxant the full strength is 
developed. Because the extent of acetylcholinesterase inhibition 
by the clinical doses of the reversal agents is not known, two 
conditions were simulated: mild (5%) or extensive inhibition 
(95%). On pharmacologic grounds, a complete inhibition of the 
enzyme is not plausible. The model was formulated as a set of 
differential equations and solved numerically using the program 
SCIENTIST. 

The simulations indicated that a 95% inhibition of 
acetylcholinesterase increased the twitch from its half-maximal 
strength to 83%, but not to its full strength and that the peak 
twitch developed later and lasted much longer than in the absence 
of the reversal agent. To achieve the full twitch strength, the 
reversal agents need to triple the amount of ACh released by 
a stimulus. 

Were the reversal agents to act exclusively by inhibiting 
acetylcholinesterase, the inevitable consequence would be 
accumulation of free ACh and receptor desensitization. If, on the 
other hand, the reversal agents acted by increasing the stimulus- 
induced release of ACh, the resulting intermittent action would 
be less likely to lead to receptor desensitization, but would be 
sufficient to re-establish the full twitch strength. Hence, the 
simulations indicate that the experimentally documented 
presynaptic action of the reversal agents may be also clinically 
important. 

Keywords: pharmacodynamics; neuromuscular block 


Influence of atracurium, cisatracurium and 
mivacurium on the proliferation of two human 
cell lines in vitro 


F. Puhringer*, J Rieder*, M. Fleischer*, G. Hoffmann’, 
A Amberger*, C. Marth*, V. Nigrovic and A. Amann* 


Department of Anaesthesia and Intensive Care Medicine, The Leopold 
Franzens University of Innsbruck, Austria 
Experimental evaluation of the adverse effects of chemically 
reactive metabolites of atracurium generated via Hofmann 
elimination, that 1s, of acrylates, yielded contradictory results.!+ 
We decided to re-examine the question by testing the influence of 
atracurium and cisatracurium in two proliferating human cell lines 
in vitro: hepatoma (HEPG2) and endothelial (HUVEC) cells, For 
comparison, the tests also included mivacurtum, a muscle relaxant 
from the same chemical group, which neither undergoes the 
elumination reaction nor produces acrylates. 

The cells (2X104 HEPG2 and 3x10* HUVEC cells per well, 


24 wells per plate) were incubated in Dulbecco’s medium at 37°C 
and counted after 0, 48 and 72 h of incubation. At the start of 
incubation the muscle relaxants were added to the incubation 
medium (final concentrations: 1, 3, 10, 30 and 100 pM). In other 
experiments, glutathione (GSH) or N-acetylcysteine (NAC) was 
added (3 mM) to the incubation medium before the addition of 
atracurium or cisatracurium. The number of cells counted in four 
wells was averaged and expressed as per cent of the average cell 
count from four wells incubated without a muscle relaxant. 

Atracurium and cisatracurium progressively decreased the cell 
proliferation in a concentration-dependent pattern, equimolar 
concentrations produced comparable inhibitions. After 48 and 72 h, 
atracurium and cisatracurium 10 uM decreased cell proliferation to 
~70% in HEPG2 and to ~40% in HUVEC cells. Mivacurium did 
not decrease cell proliferation GSH and NAC almost completely 
abolished the effects of atracurium or cisatracurium. 

Degradation of atracurium and cisatracurnum via Hofmann 
elimination produces chemically reactive (electrophilic) acrylate 
esters that covalently react with endogenous nucleophiles The 
interaction may lead to a disturbance of physiological cell 
processes. The initial plasma concentrations of atracurium, 
cisatracurium and mivacurium using intubating doses (0 5, 0.15 
and 0.2 mg kg™!, respectively) and after dilution in plasma (volume 
0.04 litre kg~") are approximately 10, 3 and 4.5 uM, respectively. 
Hence, even in concentrations expected clinically, atracunum and 
cisatracurium inhibit the proliferation of human cell lines i vitro. 
The fact that mivacunum has no such effects and that the inhibition 
is remedied by the nucleophilic antioxidants GSH and NAC 
indicates that the inhibition of cell proliferation may be ascribed 
to the oxidative stress of reactive metabolites 


Keywords: neuromuscular block, atracurium; neuromuscular 
block, mivacurium, research 
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Changes in cerebral oxygenation during warm 
(34°C) and cold (28°C) cardiopulmonary bypass 
using alpha and pH blood gas strategies 


M. Shaaban Ali, M. Harmer*, R Vaughan*, P. Latto* and 
J. Dunne* 


Department of Anaesthetics, UWCM, Heath Park, Cardiff 

CF14 4XN, UK 

Imbalance between cerebral oxygen supply and demand is thought 
to play an important role in the development of cerebral injury 
during cardiac surgery with cardiopulmonary bypass (CPB) ! The 
effect of CPB temperature? and type of acid-base strategy? on the 
brain is still controversial. The aim of this study was to compare 


Table 4 Two-way ANOVA for the lowest value of Sjo, during CPB for the 
four groups, with CPB temperature and type of pH stat as factors 








Degrees of Lowest Sjo% during CPB 








freedom 
F P 
CPB temperature 1 0470 0 496 
Type of pH stat I 12 074 0001 
Two-way interactions 
(CPB temperature and type of pH) 1 0001 0977 
Model 3 4 182 0.01 
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the changes in jugular bulb oxygen saturation (Sjo2) during warm 
and cold CPB using alpha and pH stat strategies. 

Sixty patients undergoing coronary artery bypass surgery were 
allocated randomly into one of four equal groups (cold alpha, cold 
pH stat, warm alpha and warm pH stat). Sjoz samples were taken 
before CPB, after 5, 20 and 40 min on CPB, at the start and end 
of rewarming, 5 min before the end of CPB and 10 min after 
CPB. Intermittent antegrade warm blood cardioplegia (37°C) was 
used in all patients. 

All groups were matched in age, number of grafts, duration of 
CPB and ischaemic time. The number of patients who desaturated 
durmg CPB (Sjo2<50%) were five of 15 in the cold alpha group, 
two of 15 in the warm alpha group, one of 15 in the warm pH 
and none in the cold pH group. Two-way ANOVA was used to 
model the lowest Sjq2 during CPB, with CPB temperature and 
blood gas management as factors (Table 4). 

Significant changes in cerebral oxygenation were related only 
to the type of blood gas management (Table 4). The lower 
incidence of desaturation periods with pH stat (one in 30, compared 
with seven in 30) may be a result of the vasodilatory effect of 
increased Paco .* The lack of significant changes in Sjoz between 
temperatures suggests that the penalty of prolonged rewarming! 
may safely be avoided by using a CPB temperature of 234°C. 


Keywords: brain oxygenation; surgery, 
temperature, body; acid-base equilibrium 
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Gastric emptying following lung resection in 
patients receiving fentanyl—-bupivacaine thoracic 
epidural analgesia 


A. Guha*, N. Scawn*, S A Rogers*, S. H. Pennefather* and 
G. N Russell* 


Cardiothoracic Centre NHS Trust, Thomas Drive, 

Liverpool L14 3PE, UK 

Postoperative delays in enteral drug absorption and gastric 
emptying for liquids have been documented in many groups of 
surgical patients.! There is no information in the literature 
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Fig 4 Maximum serum paracetamol concentrations (Cmax) in the study 
periods. Data shown are mean (SD). 


concerning ‘gastric emptying in postoperative lung resection 
patients receiving fentanyl—bupivacaine epidural analgesia. 

Eleven patients undergoing lung resection were anaesthetized 
by standard techniques including a thoracic epidural sited at a 
T4-T7 interspace and an epidural mfusion of of fentanyl 10 pg 
mi in 0.1% bupivacaine for intraoperative and postoperative 
analgesia until the end of the study. Gastric emptying was measured 
using a paracetamol absorption technique.” Patients acted as their 
own preoperative controls and were then assessed on the first 
postoperative night and again on the morning of the third day. 
Serial, timed blood samples were taken to measure serum 
paracetamol concentration. The time taken to reach a maximal 
concentration (fmax), the maximal concentration reached (Cingx) 
and the total amount of paracetamol absorbed (measured by 
calculating the area under the paracetamol concentration time 
curve, AUC) were. calculated. Cmag was used as the primary 
measure of gastric emptying for liquids. 

There was a significant decrease in Cmax at 4 h (P<0.0001) 
and on the third day (P<0.005). There was a significant increase 
in fmax at 4 k (P<0.01). There was also a significant decrease m 
the total amcunt of paracetamol absorbed, as judged from AUC, 
4 h after opecation (P<0.0001). This persisted into the third day, 
and was still significant when compared with the preoperative 
period (P<0.005). 

Gastric emptying has implications in clinical practice. Many of 
our patients undergoing thoracotomy are on long-term antianginal, 
antiarrhythmic and other oral medication which may need to be 
restarted as soon as possible. We conclude that if essential 
medication is to be administered to patients after lung resection 
with a fentanwl—bupivacaine-containing epidural infusion, careful 
thought needs to be given to the route of administration, as 
absorption of orally administered drugs may be impaired. 
Keywords: analgesic, paracetamol; anaesthesia, thoracic, 
anaesthetic techniques, extradural 
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Fig 5 Change (+SD) in IOP with ume with ondansetron and placebo. 
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Randomized prospective double-blind placebo- 
controlled trial of the effect of intravenous 
ondansetron on intra-ocular pressure during 
ophthalmic surgery 


N. M. Robin* and S. M Mostafa 


Departmen: of Anaesthesia, Royal Liverpool University Hospital, 
Prescot Road, Liverpool L7 8XP, UK 

Intraocular pressure (IOP) is a critical variable that needs to be 
controlled during ophthalmic surgery. Ondansetron has proven 
efficacy in the prevention and treatment of postoperative nausea 
and vomiting,! with a low side-effect profile, making it a potentially 
suitable choice of antiemetic in the elderly population who undergo 
cataract surgery. Our aim was to determine the effect of ondansetron 
on IOP in patients during ophthalmic surgery. 

This was a double-blind placebo-controlled randomized trial. 
The study population comprised 40 patients undergoing elective 
cataract surgery under general anaesthesia. Patients were excluded 
if they were aged <18 yr, ASA IV or V, had vomited or received 
antiemetic medication in the 24 h before surgery; had a recent 
history of drug or alcohol abuse; were pregnant or breast feeding; 
had a history of glaucoma; or had a contra-indication to 
ondansetron. Patients were randomized into one of two groups. 
Following baseline IOP measurement and before anaesthesia, 
patients received either ondansetron 4 mg iv. (n=20) or an 
equivalent volume of 0.9% saline i.v. (placebo group; n=20). IOP 
was recorded 5 min after injection, immediately before and after 
intubation and 5 min after intubation. Droperidol 0.02 mg kg™ 
was given during surgery and rescue antiemetics were given as 
required postoperatively. A P-value of <0.05 was considered 
significant. 

There were no significant differences in age or gender 
distribution between the ondansetron and placebo groups. The 
administration of ondansetron had no significant effect on IOP 
before or during anaesthesia (Fig. 5). 

Ondensetron has no significant effect on IOP and thus can be 
used intravenously with confidence before induction of anaesthesia 
in the prophylaxis and treatment of postoperative nausea and 
vomiting in patients undergoing ophthalmic surgery. 


Table 5 Anaesthetic data and incidence of postoperative nausea and vomiting 
and pair: 





Mean (range) or number 
Ondansetron Prochlorperazine 
(n=75) (2=T79) 
Tume fasted (min) 620 (180-1120) 638 (135—1065) 
Duration of anaesthesia (min) 130 (60-240) 127 (55-255) 
Previous PONV 15 9 
Nausea. 
at 6a 13 10 
at 24h 14 l1 
Nausea and vomiting 
at 6h 22 20 
at 24h 30 22 
Escape antiemetic 27 18 
Worst pain score (number af patients) 
1-5 50 54 
6-19 17 17 
Rx analgesia 
oral 35 32 
Lm. 6 5 
oral and 1.m. 10 10 





Keywords: eye, intraocular pressure; vomiting, antiemetics, 
ondansetron 
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Ondansetron or prochlorperazine for antiemesis 
after vitreoretinal surgery? 


J. M. Cupltt* and A. J. Charlton* 


Manchester Royal Infirmary, Manchester, UK 

Postoperative nausea and vomiting (PONV) can be as high as 
50% following open eye surgery in adults! and can cause severe 
postoperative complications.2 We compared the antiemetic 
effectiveness of a single dose of ondansetron with that of 
prochlorperazine given intraoperatively to adults undergoing 
vitreoretinal surgery. 

We studied 154 ASA I-III patients, aged 17-88 yr, undergoing 
vitreoretinal surgery. All were anaesthetized using thiopentone, 
atracurium, morphine and isoflurane/enflurane. Patients were 
allocated alternately to receive either ondansetron 4 mg i.v. or 
prochlorperazine 12.5 mg i.m. 30 min before the end of surgery. 
Anaesthesia was reversed according to routine practices. The 
duration of preoperative fasting, duration of anaesthesia and any 
history of previous PONV were noted. Commencing ın the 
recovery room, for a maximum period of 24 h (or to hospital 
discharge, or the successful consumption of a second postoperative 
meal), nursing staff asked patients standard questions concerning 
the occurrence of nausea, retching and vomiting, and of pain (on 
a 10-point scale) during the previous hour. Administration of 
rescue antiemetics and analgesics was recorded. We made no 
attempt to change anaesthesia or routine postoperative 
management. 

There were no significant differences between the two groups 
in the incidence of PONV, pain scores or the use of rescue 
antiemetics and analgesics. The number of patients experiencing 
PONV was no different when assessed at either the first 6 h or 
the total 24 h study period. We were surprised at the overall high 
incidence of PONV, the high worst pain scores in the study 
and the relatively low incidence of administered postoperative 
antiemetics and analgesics, but we had chosen not to alter current 
postoperative routine. We conclude that ondansetron confers no 
benefit over prochlorperazine ın preventing PONV after adult 
vitreoretinal surgery. 


Keywords: vomiting, nausea; vomiting, antiemetics, ondansetron; 
vomiting, antiemetics, prochlorperazine; surgery, ophthalmological 
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Fibreoptic view through the intubating laryngeal 
mask compared with the laryngeal mask airway 


N. MeNeillis*, C. Tumberlake*, M. S. Avidan, K. Sarang*, A, Choyce* 
and J. J. Radcliffe* 


Department of Anaesthesia, King's College Hospital, 

London SES 9RS, UK 

The intubating laryngeal mask (ILM) was designed for blind 
intubation.! Its role as a conduit for fibreoptic intubation has yet 
to be established. The aim of this study was to determine how the 
fibreoptic view via the laryngeal mask airway (LMA) compared 
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Table 6 Grade of fibreoptc view via the LMA, the ILM with a tracheal tube 
inserted to 18 cm ([LM-—tube) and the ILM without prior tube placement 








n Grades 1 and 2 Grades 3 and 4 
LMA 60 55 (91 7%) 5 (8 3%) 
ILM-—tube 60 31 (51 7%) 29 (48 3%) 
ILM 21 18 (85.7%) 3 (14 3%) 


Table 7 Insertion attempts and anaesthetist grade 





Anaesthetist grade One atfempt Two attempts Laryngoscope Total 





SHO 109 2 3 114 
Registrar 16 0 0 16 
Consultant 168 2 0 170 
All 293 4 3 300 





with that via the ILM using a ‘tube-first technique’, as advised by 
the manufacturer, to lift the centrally placed epiglottic elevator bar. 

This study enrolled ASA I and II patients undergoing elective 
surgery whose anaesthetic would normally have involved an LMA. 
After induction of general anaesthesia, the ILM was inserted and 
satisfactory ventilation was established. An 8 mm Euromedical 
ILM tracheal tube was inserted into the ILM to a depth of 18 cm. 
A 4.5 mm fibreoptic endoscope was passed through the tube to 
the same depth and a graded view of the laryngeal inlet was 
recorded. The ILM was replaced by an LMA and the fibreoptic 
view from the aperture bars was recorded. All views were 
graded using Cormack and Lehane’s grading system for direct 
larynoscopy.“ Interim analysis was performed during the study; it 
was decided to obtain an additional fibreoptic view through the 
ILM before tracheal tube msertion in the last 21 patients. 

The view obtained through the ILM with the tube im situ was 
worse than that through the LMA (P<0.0001). There was no 
significant difference between the views through the LMA and 
the ILM (Table 6). 

The fibreoptic view via the LMA is superior to that via the 
ILM using the ‘tube-first technique’ with the tube inserted to 
18 cm. Fibreoptic endoscopy through the ILM may yield a 
better view of the laryngeal inlet without prior placement of a 
tracheal tube. 


Keywords: intubation, tracheal, technique; equipment, mask 
anaesthesia 
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A two-stage technique for insertion of a flexible 
laryngeal mask airway 


A. Vohra 

Department of Anaesthesia, Manchester Royal Infirmary, Oxford Road, 
Manchester, UK 

The flexible laryngeal mask airway (FLMA) was first described 
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Fig 6 Cricoid force applied by anaesthetists and anaesthetic assistants. 





by Alexander in 1990.! Its flexibility is advantageous for head 
and neck surgery, but also makes it difficult to insert, and many 
anaesthetists prefer to use the rigid version. Only two of 42 
anaesthetists questioned at our institute showed a preference for 
the FLMA. The Bosworth introducer (Matrix Innovation Ltd, 
Galway, Ireland), the Portex FLMA introducer and modified 
stylets* have been described to ease insertion. This paper describes 
a technique which may reduce the difficulty of inserting the FLMA 
without the use of such aids, or fingers in the mouth (the 
recommended technique). 

The FLMA is checked and prepared in the usually recommended 

way and 3-5 mi of air is left in the cuff. After induction of 
anaesthesia, in stage 1, the head is kept in the neutral position, 
and the mouth 1s opened with a chin-lift grip using the left hand. 
The tube part of the FLMA ıs held with the other hand, close to 
the mask part, and all of the mask part of the FLMA is inserted 
into the mouth (sliding ıt along the roof of the mouth). 
In stage 2, the left hand is moved from the patient’s chin to the 
top of their head to extend the head into the ‘sniffing the moming 
air’ position. The tube part is then advanced into the mouth using 
short pushes with the right hand. 

The ease of insertion of the FLMA (sizes 3-5), using this 
technique, was evaluated in 300 patients undergoing anaesthesia, in 
whom the use of an LMA was clinically appropriate. The grade of 
anaesthetist was recorded. Anaesthesia was induced with propofol 
followed by remifentanil and sevoflurane in oxygen and nitrous 
oxide. The FLIMA was inserted when the depth of anaesthesia was 
adequate. A second attempt was allowed if the initial insertion was 
unsuccessful. If both were unsuccessful then a laryngoscope was 
used to aid insertion. 

The patients* median (range) age was 48 (16-87) yr and median 
(range) weight was 75 (44-129) kg The FLMA was inserted on the 
first attempt in 293 (97.7%) patients, two attempts were needed ın 
four (1.3%) patients and a laryngoscope was used in three (1%) 
patients (Table 7). All three (2.6%) failed attempts were performed 
by SHOs. 

The simplicity of this method is that the mask part 1s inserted 
during stage 1 and the tube part during stage 2. We have not compared 
this method with another msertion technique However, we had an 
overall failure rate of only 1%, and 97.7% of insertions were easy. 


Keywords: intubation, tracheal, technique; equipment, mask 
anaesthesia 
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Failure of oral transmucosal fentanyl as a 
premedicant for paediatric daycase surgery 


E. J. Watkins*, S. Mitchell*, V. L. Allgar* and J Brown* 


Department of Anaesthesia, The General Infirmary at Leeds, 

Leeds LS] 3EX, UX 

Pulsed dye laser ablation of portwine stains is painful and 
requires repeated general anaesthetics. Many children receiving 
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Table 8 Comparison of OTFC and placebo 








OTFC Placebo P valne 

(@=101) (=H) 
Nausea in hospital, n (%) 5 (45.5%) 0 (0%) 0 03* 
Vomiting ın hospital, n (%) 5 (45 5%) 1 (9.1%) 0.15 
Time to discharge, min (mean (SD)) 112 (41.3) 60 (10.7) <0.01* 
Nausea afte: discharge, n (%) 3 (273%) 3 (27.3%) 100 
Vomiting after discharge, n (%) 4 (36.4%) 1 (9.1%) 0.31 
Pain relief after discharge (median (IQR)) 1(1-2) 2 (1-3) 0.05* 





IQR, imterquartile range *P<0 05 


this treatment benefit from an anxiolytic premedication and all 
require good postoperative analgesia. In a randomized prospective 
double-blind study, we assessed the role of oral transmucosal 
fentanyl citrate (OTFC) in these daycases. 

In this pilot study 22 children aged 3-14 yr and ASA I or II were 
randomly allocated to receive either a fentanyl lollipop 7-10 ug kg“ 
! followed by i.v. saline on induction, or a placebo lollipop with 
ketorolac 0.5 mg kg! i.v. on induction. A standard anaesthetic 
technique was used. Venham anxiety scores were measured both 
before and after the lollipop, and induction cooperation was 
assessed. Postoperative recovery parameters were documented, 
including a five-point objective pain score, and the time to discharge 
was noted. Patients were contacted by telephone the following day. 
Age and weight were compared using t-test. Other data were 
analysed using Mann-Whitney U-test, chi-squared and Fisher’s 
exact tests as appropriate. P<0.05 was considered significant. 

The Venham anxiety score! and induction cooperation scores 
were the same in both groups. Children in the OTFC group were 
significantly more likely to complain of nausea before discharge 
and also had a clinically important increase in vomiting. In the 
24 h after discharge, the groups had an equal incidence of nausea 
but more children in the OTFC group vomited, There was a 
significant increase in time to discharge in the OTFC group. 
Children in the OTFC group reported a higher satisfaction with 
the pain relief provided following discharge. One patient who 
received OTFC required readmission for excessive sedation. 
© Overall satisfaction was the same in both groups. 

OTFC provided a marginal improvement in postoperative pain 
relief but with a high incidence of nausea and vomiting and a 
delayed. discharge time (Table 8). These problems led to the 
termination of the study before the anticipated enrolment of 40 
patients. We do not recommend the preoperative use of OTFC 7- 
10 ug kg in a fully ambulatory setting. 


Keywords: analgesics, opioid; analgesics, fentanyl; analgesia, 
postoperative; vomiting, nausea 
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Intrapartum epidural catheter movement: a 
comparative study of three dressing applications 


C. M. Cowan*, S.M Burns”, P. M. Barclay* and R. G. Wilkes* 


Liverpool Women’s Hospital, Liverpool L8 7SS, UK 
The incidence of epidural catheter displacement during labour has 
been reported as >40%.' Lack of analgesia and madvertent 
intravascular or subarachnoid injection are associated 
complications. The type of dressing may contribute to catheter 
migration. The object of the study was to identify the dressing 
method that minimized catheter migration during labour. 

Based on previous data,? ıt was calculated that 35 patients per 


Table 9 Directional and absolute epidural catheter movement using three 
dressing methods *P<001. group N vs group T, tP<0 01; group N vs group 
F, **P<0 05: group N vs group F 





Movement, cm (median (interquartile range)) 








Group T (n=35) Group F (n =39) Group N (n =37) 
MovD 00(05to15) 05 (0.0-1 0) 1.0 (0 0-2 5)"t 
MovA 1.0 (0.0-2 0) 0.5 (0 0-1.5) 1.0 (0.5-2 5)*™ 





group would be required to detect a 1 cm difference in catheter 
movement. One hundred and thirty-five parturients were allocated 
randomly to receive one of three types of dressing applications 
following epidural catheter insernon. The length of 16 gauge 
Portex epidural catheter inserted into the epidural space was 
standardized at 4 cm. In group T, 10X25 cm Tegaderm was placed 
over the catheter surrounded by a 5 cm width of Mefix. In group 
F, 10X25 cm Tegaderm was placed over the catheter surrounded 
by a 5 cm width of Mefix. In addition, the in-line filter was 
secured to the patient’s shoulder by Mefix. In group N, the catheter 
was secured by Niko Epi-Fix dressing surrounded by a 5 cm 
width of Mefix. 

The tme when the dressing was applied, the intervertebral 
space used, the instrument used for skin incision and the catheter 
length at the skin surface were noted. When labour was complete, 
the time of dressing removal, integrity of dressing and catheter 
length at the skin surface were recorded. Catheter migration inward 
or outward! was defined as directional movement (MovD), while 
displacement regardless of direction was defined as absolute 
movement (MovA). 

Results were not obtained from 24 patients. There were no 
differences between groups in patient characteristics, duration of 
labour or final dressing integrity. The catheter migrated inwards 
in 21 patients and outwards in 62 patients. The intervertebral 
space or the use of a skin incision did not significantly influence 
catheter displacement. Catheter movements across groups were 
analysed by analysis of variance and Dunnett’s T3 post-test for 
multiple comparisons (Table 9). 

We conclude that outward catheter movement is greater when 
a Niko Epi-Fix is used than with the other two methods To 
minimize absolute catheter movement, advantage was conferred 
by using a Tegaderm dressing with filter fixation intead of a Niko 
Epi-Fix application. 


Keywords: equipment, catheters, extradural; complications 
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POSTER PRESENTATIONS 


Radial arterial cannulation: topical amethocaine gel 
versus lidocaine infiltration 


S. J. Olday*, R. Walpole* and J. Y Y. Wang 

Department of Anaesthetics, Royal Infirmary of Edinburgh, Edinburgh 
EH3 9YW, UK 

Cannulation of the radial artery is painful, and our standard 
practice 1s to infiltrate 2% lidocaine before the procedure. Topical 
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Table 10 Summary of results. IQR, interquartile range 








Amethocaine (n = 50) Lidocaine (n = 50) P value 

Cannulation time (s); median (IQR) 65 (41-142) 59 (40-105) 0.44 
Failure to cannulate (n) 5 7 0 54 
Additional lidocaine used (n) 7 il 054 
Visual analogue score (0-10), median (IQR) 2 (0-4) 2 (1-3 5) 0.93 
Verbal pain score (0-3), ratng of 

0 15 21 0.27 

1 21 17 

2 12 9 

3 2 2 
anaesthesia with EMLA cream can reduce cannulation time, 
improve success rate and reduce the pain of radial arterial 50 m Anaesthetets 
cannulation.! However, amethocaine works more quickly and for @ Anaesthetic assistants 
longer than EMLA? and improves the quality of analgesia for > 40 
venous cannulation? For cannulation of the radial artery, its = 
capacity to dilate vessels could be an advantage. 8 

We recruited 100 patients about to have elective cardiac surgery. £ 
All patents were premedicated with lorazepam. They were B 2 
randomized to receive either 2% lidocaine infiltration 1 mun before, 5 


or topical amethocaine gel applied at least 1 h before, the attempted 
arterial cannulation. 

We recorded the time taken to cannulate the artery successfully, 
and pain during the procedure (visual analogue scale completed 
by the patient, and a verbal pain score). We noted if additional 
lidocaine was used, or if the procedure took >10 min or was 
abandoned (classified as failure to cannulate). 

To detect a difference in cannulation time of 45 s between the 
groups, given an estimated sp of 90 s, a sample size of 100 
would give a power of 0.8. Data were analysed by Mann-Whitney 
U-test and chi-squared test. 

The groups were simular in terms of age, gender, height, weight 
and operative procedure. 

There was no significant difference between the groups for any 
variable. We conclude that topical amethocaine gel and 2% 
lidocaine infiltration give comparable local analgesia for radial 
arterial cannulation. 


Keywords: anaesthetic techniques, topical; anaesthetics, local, 


lidocaine; arteries, cannulation 
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Simulated cricoid force in paediatric anaesthesia 


*S. Francis, *S. Enan, J Shah, E. Pallett, D Rowbotham and 
D. Buggy 


University Department of Anaesthesia, Lewester Royal Infirmary, 
Leicester LE! 5WW, UK 

Since the first description of cricoid force 40 years ago, standard 
teaching is to maintain a force of 44 N until the airway is 
secured.! 2 In a bench model of simulated cricoid force made 
from plastic (PTFE), which we have previously described, we 
found that applied cricoid force by both anaesthetists and 
anaesthetic assistants was less than that recommended (30-44 N) 
and that most subjects were unable to maintain it for 5 min owing 





Fig 6 Cricoid force apphed by anaesthetists and anaesthetic assistants 


to fatigue.? There are no data to our knowledge on the cricoid force 
necessary to protect the airway during induction of anaesthesia in 
children. Our objective in this preliminary, observational study was 
to investigate the cricoid force that anaesthetists and anaesthetic 
assistants would apply to a 5-yr-old child at risk of aspiration 
during induction of anaesthesia, using a cricoid force simulator. 

Anaesthetists of all grades (n=45) and anaesthetic assistants 
(n=45) were invited to apply cricoid force to the bench simulator, 
which was modified to take account of the smaller anatomy in 
children. They were asked to maintain it for 2 min, as they would 
in their normal practice. Participants were not permitted to view 
the computerized display of their applied force. Cricoid force was 
recorded every second for the 2 min period; the average force 
over 15 s intervals is reported here. Mean (sD) applied cricoid 
force in the two groups over the 2 min observation period is 
shown in Fig. 6. 

Mean (sD) cricoid force applied by anaesthetists and anaesthetic 
assistants over the observation period was 25.1 (2.7) and 22.4 
(1.7) N, respectively. Applied cricoid force decreased significantly 
with time in anaesthetists, but not in anaesthetic assistants. 

These data indicate that in a bench model simulating applied 
cricoid force to a 5-yr-old child, the force applied in routine 
practice 1s of the order of 22 N. Whether this level is appropriate 
in paediatric practice is unknown. 


Keywords: larynx, cricoid; anaesthesia, paediatric 
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Fig 7 Bland-Altman plot comparing CVP with EJVP 


Comparison of external jugular and central 
venous pressures in mechanically ventilated 
patients 


J. L. Parker*, C. Flucker*, A. Maguire*, W Russell* and 
J. P. Thompson 


University Department of Anaesthesia, Leicester Royal Infirmary, 
Leicester, UK 

Central venous pressure (CVP) monitoring is commonly used in 
theatre but catheter insertion via the internal jugular vein (IJV) is 
not without complications.! The external jugular vein (BTV) can 
be cannulated simply and communicates with the central venous 
system. Our aim was to compare EJV pressure with conventional 
CVP measurement in clinical practice. 

Twenty patients undergoing elective major surgery requiring 
CVP catheter insertion were studied. After induction of anaesthesia, 
a triple-lumen CVP catheter was inserted via the IV. A 20G 51 
mm cannula (Abbocath, Abbot) was inserted into the EJV. The 
distal lumens of the CVP and external jugular catheters were 
connected to the same transducer via a three-way tap. For 3 h 
during surgery, paired measurements of mean venous pressure 
were taken at 30 min intervals by a blinded observer, at end- 
expiration and in random order. No changes in fluid therapy, 
inotropes, ventilation or posture were made during measurements. 
. Four further patients were recruited to the study, but were 


excluded because of failure to cannulate the EJV. One hundred 
and eleven paired measurements were analysed from 20 patients 
(seven readings were lost because surgery finished before they 
could be collected and two were excluded because of a kinked 
BJV line). Median (range) CVP and EJV pressure (EJVP) were 
8.0 (0-22) and 8.0 (0-21) mm Hg, respectively. The difference 
between IJV and EJV pressures was analysed by the method 
described by Bland and Altman? (Fig. 7). The mean difference 
between CVP and EJVP was —0.3 mm Hg (sp 1.0) with limits of 
agreement of ~2.3 to 16 mm Hg (95% C.I -2.6 to 1.9 mm Hg). 
Previous studies using femoral venous catheters’ 4 have accepted 
limits of agreement of approximately 2 mm Hg Our results 
suggest that EJVP is an accurate estimate of CVP in mechanically 
ventilated patients. However, EJV cannulation was unsuccessful 
in 17% of patients approached. 


Keywords: veins, venous pressure, measurement; veins, jugular 
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Placement of double lumen tubes—time to shed 
light on an old problem 


Editor—I read the editorial by Pennefather and Russell! and 
feel that a response is m order. Although Benumof may 
advocate the routine use of fiberoptic bronchoscopy (FOB) for 
double-lumen tube (DLT) placement, that is his personal opinion 
and is certainly not the ‘standard of care in the USA’ as the 
authors suggest.! This statement has medico-legal implications 
and is not substantiated by any objective data. Dr Benumof 
and I have debated this topic for many years, and as a 
controversy it remains unresolved.” 3 

I agree with Pennefather and Russell that choice of an 
appropriate size (large) DLT reduces the risk of misplacement. 
Each patient’s airway dimensions can be measured directly 
from their chest radiograph* 5 or CT scanf 7 and used as an 
objective guide for selecting a DLT. If the dimensions of a 
specific DLT are known and the size of the patient’s bronchus 
is also known, then it is possible to choose the largest tube 
that will safely fit that bronchus. 

Why is this important? Even today, some anaesthetic textbooks 
erroneously recommend advancing the DLT down the airway 
until moderate resistance to further passage is encountered.’ 
Obviously, a smaller tube in a larger airway will be advanced 
further if this end-point is used, increasing the chance of 
malposition and hypoxaemia from upper lobe obstruction. For 
adults (male or female), there is a highly significant correlation 
between depth of insertion and height.” For any patient who 
is 170 cm tall, the average depth of placement is 29 cm. For 
each 10 cm increase or decrease in height, the DLT is advanced 
or withdrawn 1.0 cm. 

Pennefather and Russell give impressive statistics to support 
their contention that posinonng problems occur frequently if a 
FOB is not used,!™!} The studies they cite consider a tube to 
be malpositioned if it is not in ideal position. Ideal position is 
defined as when the proximal edge of the bronchial cuff 1s 
immediately below the tracheal carina in the appropriate 
bronchus. Most references do not report what size DLTs were 
used, and in those that did inappropriately small tubes (which 
presumably were advanced too far) were often chosen 1° 

A DLT can function perfectly well and still not be in ideal 
position.!3 What is clinically important is that the tube be in 
satisfactory position.'4 A DLT will be in satisfactory position 
if it 1s in the appropriate bronchus, if selective lung collapse 
and effective and safe isolation of the lungs are easily achieved, 
and if hypoxaemia due to tube malposition does not occur. 

DLT placement in a satisfactory position can usually be 
achieved safely without a FOB. Pennefather and Russell quote 
a 40% malposition rate in a study by Cohen and colleagues,!* 
but then fail to mention that there were no clinical sequeliae 
from tubes Cohen considered to be ın poor position and that 
all patients with ‘malpositioned DLTs had similar oxygen 
saturation compared to patients with well-positioned tubes’ .'? 

It is probably safer for the proximal edge of the bronchial 
cuff to be several millimetres deep in the bronchus since there 
is less chance that the inflated cuff will herniate into the carina 
during patient positionmg or from surgical manipulation. 
However, studies supporting the use of FOB would consider 
such a tube as ‘malpositioned’. 

Another study cited m the editorial compared traditional 
blind with FOB-directed placement of DLs. Those authors 


reported equal success (and failure) rates with both techniques. 
There was an 18% complication rate in over 200 patients, but 
the occurrence of complications was not correlated with the 
use of a FOB during intubation. When blind placement alone 
was used the overall incidence of complications was 16 of 119 
(13%) and when a FOB was used the incidence of problems 
was actually higher (25 of 115, 21%) 

Operator experience with any method increases the likelihood 
of success. FOB 1s just one of several adjuncts (dual capnography, 
spirometry, radiography) that have been used to position DLTs. 
Certainly, these adjuncts can be helpful and every anaesthetist 
who uses a DLT should be familiar with bronchoscopy for 
confirmation of DLT position. However, no technique is fail- 
safe. In my own practice and when teaching our anaesthesia 
residents, I do not routinely use a FOB. I believe that all 
anaesthetists must know how to place DLTs without an adjunct 
since that equipment may not always be available. As one 
gains more confidence and experience, there are fewer and 
fewer instances when a FOB is needed. I agree with Conacher 
and colleagues that ‘clinical testing for ..DLT position remains 
a sound way of ensuring that placement is suitable for securing 
good conditions for surgery.!® 


J. B Brodsky 

Department of Anesthesiology 

Stanford University School of Medicine 
Stanford, CA $4305, USA 
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Editor—Thank you for the opportunity to reply to Professor 
Brodsky. We agree that there is a need to differentiate between 
functionally significant and minor functionally insignificant (not 
ideal) double-lumen endobronchial tube (DLEBT) malplacement. 
We consider partial or complete occlusion of the trachea by 
the bronchial cuff, partial or complete occlusion of a lobar 
orifice (e.g. right upper lobe) and intubation of the wrong main 
bronchus to bé functionally significant. As emphasized in our 
editorial Klein and colleagues! did make this distinction. During 
their initial fibreoptic bronchoscopy (FOB), malplacement was 
detected in 107 patients (53%), in 25 patients this malplacement 
was functionally significant (critical) despite normal findings on 
auscultation and inspection. After positioning the patient for 
surgery, a second bronchoscopy revealed critical malplacement 
in 48 patents. 

Significant DLEBT malplacement does not always impair gas 
exchange. The finding by Cohen and colleagues? that ‘patients 
with malpositioned tubes had simular arterial oxygen saturation 
to patients with well-positioned tubes’ was predictable and does 
not weaken our argument, as implied by Brodsky. In eight of 
the 21 patients studied by Cohen,? the DLEBT was considered 
to be malpositioned. In three patients, all undergoing a right 
thoracotomy, the left DLEBT was not inserted deeply enough 
and the bronchial cuff partially occluded the trachea. Impaired 
gas exchange during one lung ventilation (OLV) would not 
have been expected; to the contrary, further outward displacement 
might improve gas exchange during ‘one’ lung ventilation but 
impair lung collapse. In a further four patients, all undergoing 
a left thoracotomy with a left DLEBT, the tube was inserted 
too deeply and the bronchial carina could not be: visualized. 
Again impaired gas exchange during OLV would not have been 
expected, although difficulty re-expanding the left upper lobe 
after surgery could be anticipated. In the final patient, undergoing 
a right thoracotomy with a left DLEBT blinding inserted too 
deeply, impaired gas exchange during OLV could have been 
anticipated. It occurred; the Pap, during OLV was 82 mm Hg 
whilst the patient was receiving a Fio, of 1.0. 

Brodsky states that Hurford and colleagues? ‘compared 
traditional with FOB-directed placement of DLTs’. They did 
not. Hurford,? audited the blind placement of DLEBTs in their 
hospital; the choice of DLEBT used and lung to be intubated 
were at the discretion of the anaesthetist as was the use of a 
FOB to check the position of the DLEBT. When complications 
occurred, a FOB was used to check the position of the DLEBT 
and where possible ameliorate the underlying condition. To 
benefit patients, correct tube placement needs to be maintained. 
It is well recognized that tube displacement occurs during 
positioning for surgery and as a result of surgical manipulation 


and we emphasized the need for repeated bronchoscopies to 
maintain optimal tube position. 

We agree with Brodsky that every anaesthetist who uses 
DLEBT should be familiar with fibreoptic bronchoscopy and 
that success with most techniques, including FOB, unproves 
with experience. We would emphasize that for these skills to 
be of practical benefit to patients, the equipment for fibreoptic 
intubation not only has to be immediately available but also used. 

We agree that blind placement of DLEBTs ıs a useful skill 
to acquire and we teach our specialist registrars how to place 
a variety of DLEBTs blindly. However, we require our registrars 
to check and recheck the position of blindly placed DLEBTs 
with a FOB; this assists in learning to blindly place DLEBTs. 
Most registrars need no further convincing that a FOB should 
be used in all patients. 

Brodsky might argue that the use of a FOB during DLEBT 
use is not a ‘standard of care’ in the USA, but he cannot, in 
our opinion, reasonably argue that the case for the routine use 
of a FOB is not supported by objective data, Numerous studies 
have shown it is not possible to optimally place DLEBTs in 
all patients without a fibreoptic bronchoscope. The section of 
the recent national confidential enquiry into perioperative 
deaths* detailing the management of patients undergoing 
oesophagogastrectomy provides a salutary illustration of the 
potential consequences of failure to accurately place DLEBTs. 


S. H Pennefather 
G. N. Russell 
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The Haldane effect-—-an explanation for increasing 
gastric mucosal Pco, gradients? 


Editor—We read with interest the article by Jakob and colleagues 
demonstrating the possible influence of the Haldane effect on 
gastric mucosal PCO, gradients and feel that they have 
highlighted an important point ! They demonstrated that in nine 
of 14 patients post cardiac surgery who had an increasing 
mucosal-arterial PCO, gradient despite an increase in total 
splanchnic blood flow, that this could be attributed to the 
decreased binding of carbon dioxide (CO2) to haemoglobin that 
would accompany decreased splanchnic oxygen extraction 

We believe, however, that this does not negate the use of 
gastric tonometry as a tool for monitoring gastric mucosal 
Pco,. Figure 1 demonstrates the relationship between CO, 
concentration and partial pressure as first described by 
Christiansen—Douglas-Haldane in 1914? From this graph, it 
may be seen that it requires extreme differences in haemoglobin 
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saturation to produce clinically significant changes in PCO, 
(Fig. 1). 
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Fig 1 The CO, binding curves of oxyhaemoglobin (HbO,)at 100% 
saturation and deoxyhaemoglobin (Hb) at 0% saturation as modified from 
Christiansen—-Douglas~Haldane by Mertzlufft and colleagues.’ 


We should also like to comment on the effect of temperature 
on PCO, measurements. The authors do not comment on the 
significant rise in core temperature seen in both patient groups 
during the study. It is known that temperature has an effect on 
carbon dioxide production, solubility and diffusion both through 
tissues and through the tonometer balloon, with production and 
diffusion decreasing and solubility mcreasing with decreasing 
temperature. Croughwell and colleagues demonstrated the effects 
of warm (35.5°C) and cold (30.0°C) cardiopulmonary bypass 
on the gastric mucosal Pco, (Pgco,). Pgco, was significantly 
higher with the higher temperature 4.8 kPa vs 5.5 kPa 
(P<0.05).? 3 In this study by Jakob and colleagues the local 
gastric mucosal temperature is not known in the two groups 
which, given the thermogenic properties of dobutamine via its 
B,-adrenoceptor activity,* may also contribute to the observed 
mucosal—arterial PCO, gradient. 


R Hurley 

M. G Mythen 

Centre of Anaesthesia 

University College London Hospitals 
London, UK 


I Jakob SM, Kosonen E, Ruokonen I, Parviainen l, Takala J. The 
Haldane Effect—an alternatve explanation for increasing gastric 
mucosal PcO, gradients? Br | Anaesth 1999; 83: 740-6 

2 Christiansen J, Douglas CG, Haldane JS. The absorption and 
dissocianon of carbon dioxide by human blood. J Physiol 1914; 48: 244 

3 Croughwell ND, Newman MF, Lowry E, et al Effect of temperature 
dunng cardiopulmonary bypass on gastric mucosal perfusion. Br | 
Anaesth 1997; 78: 34-8 

4 Schiffelers SL, van Harmelen Vj, de Grauw HA, Saris WH, van 
Baak MA. Dobutamine as selective beta(!)-adrenoceptor agonist in 
in vivo studies on human thermogenesis and lipid uulizaton J Appl 
Physiol 1999, 87: 977-81 

5 Mertzlufft FO, Brandt L, Stanton-Hicks M, Dicks W Arterial and 
mixed venous blood gas status during apnoea of intubation—-proof 
of the Christransen~Douglas—Haldane effect In vivo. Anaesth Intenstve 
Care 1989; 17: 325-31 


Editor—We read with interest the comments from Drs Hurley 
and Mythen concerning our article. These authors point out 
that only extreme changes in oxygen saturation will have a 
clinically significant effect on the partial carbon dioxide pressure. 
To demonstrate this they present the CO, binding curves 


of oxy- and deoxy-haemoglobin as originally published by 
Chnistiansen—Douglas—Haldane ! 

We showed that favourable changes in mucosal perfusion 
(reduction of Pco, gradient in response to increased mucosal 
blood flow) may be missed because of the Haldane effect.? In 
contrast to Drs Hurley and Mythen, we did not discuss 
stationary conditions in a vascular bed, but we presented data 
about changes in veno-arterial and (hypothetical) mucosal- 
arterial CO, content differences. Veno—artenal CO, content 
differences are typically in the range of 10-70 ml hitre! (Figs 
3 and 4 in our publication®), whereas the CO, content axis in 
the graph that Hurley and Mythen present has a range from 0 
to 900 ml litre"! Significant changes in veno-arterial or 
mucosal-arterial CO, content differences are therefore associated 
with only small changes in Pco, gradients (Fig 4 m our 
publication”), It is important to realize that, although the amount 
of carbon dioxide carried m the blood by carbamino (attached 
to haemoglobin) 1s small, the difference between the amount 
carried in venous and arterial blood as carbamino compounds 
is about a third of the total arterio-venous difference.’ This 
accounts for the major part of the Haldane effect. 

We presented the Haldane effect under different metabolic 
conditions and with changes in haemoglobin and pH (Fig 5 in our 
publication”). From this figure, it is evident what different effects 
the same increase in blood flow may induce in the veno-arterial 
(or mucosal—arterial) Pco, gradient. Depending on the baseline 
venous (or mucosal) oxygen saturation, the Haldane effect may 
cause a decrease or an increase in the respective PCO, gradient in 
response to the same changes in blood flow and metabolism (Fig 
5c in *) This clearly shows that changes in oxygen extraction 
have to be taken into account for the interpretation of tonometry 
derived variables. 

The authors also comment on the effect of temperature on PCO 
measurements. It is true that there was a small increase in blood 
temperature in both study groups (0.7-0.8°C). We also reported 
that the splanchnic CO, production increased during rewarming. 
The effect of temperature is of importance in the interpretation of 
tonometry if it affects the relationship between the CO, content 
and the Peco. This seems not to be the case (see below). If, as 
the authors propose, changes in temperature in the range of 1°C 
have significant effects on the solubility and diffusion of CO 
through tissues and the tonometer balloon, tonometry should not 
be used ın patients with changing body temperature due to, for 
instance, sepsis. We do not believe that this is the case. Although 
we do not have data on the effect of changes in temperature of 
less than 1°C on the diffusion of CO, through the tonometer 
balloon, the effect of such temperature change on the solubility 
of CQ, at near normal body temperature is minor.? But if the 
changes in gastric mucosal Pco, in the reference the authors 
quote* would be explained completely by changes in temperature, 
the bias ın our study would be less than 0.09 kPa. 

We would also like to reply to the comments from Drs De 
Backer, Creteur and Vincent. As the authors correctly pomt out, 
the splanchnic oxygen extraction decreased and the hepatic vein 
oxygen saturation increased in the patients with increasing gastric 
mucosal—arterial PCO, gradients. The authors were also concerned 
about the effect of temperature on the CO, content. We believe 
that it is reasonable to assume that the changes in gastric wall 
temperature in these patients were comparable to the changes in 
blood temperature (around 0.8°C). Mainly because dissolved CO, 
content is dependent on temperature and because this content is 
small (1.2-1.4 mmol litre™! under physiological conditions), we 
find it hard to accept that an increase in temperature of less than 
1°C should have a major impact on the results of our study. A 
simple calculation should underline this: according to textbooks, 
the arterial CO, content in 1 litre of blood 1s 480 ml (21.5 mmol) 
and the venous CO, content is 520 ml (23.3 mmol)’, resulting in 
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a veno-arterial CO, content difference of 40 ml litre! 
(1.8 mmol litre). The veno-arterial difference of physically 
solved CQ, is 0.17 mmol litre“! or roughly 10% of the total CO, 
content difference.? The solubility coefficient of carbon dioxide 
in plasma is 0.231 mmol litre! kPa at 37°C and 0.226 mmol litre“! 
kPa at 38°C.? Accordingly, the effect of increasing the blood 
temperature by 1°C on the veno-artenal difference of physically 
solved CO, is in the range of 2% and on the total CO, content 
difference in the range of 0.2%, hence negligible. 

Drs De Backer, Creteur and Vincent suggest that some of the 
changes, since being within the error of the method, could have 
occurred by chance. We can of course not fully exclude this, but 
it 1s very unlikely, since for each patient the same analyser 
was always used and because we have demonstrated the same 
phenomenon with dopexamine in similar patients, using only the 
ABL blood gas analyser.’ 

Accordingly, we still believe that increases in PCO, gradient in 
response to increased splanchnic blood flow do occur, and the 
Haldane effect is a plausible explanation. Even in the very unlikely 
situation that the observed changes in PCO, gradient? > would not 
be true but due to chance and methodological factors, this would 
not change the main message of our paper. That is, a mean 
increase in mucosal perfusion of almost 50% (which is certainly 
not in the range of one error) does not result in a decrease of 
gastric mucosal Pco, gradients in more than half of the patients 
studied, if similar changes in splanchnic and mucosal oxygen 
consumption and CO, production occurs. Hence, despite the 
arguments of Drs De Backer, Creteur and Vincent, we are still 
convinced that we have emphasized that the Haldane effect may 
be involved in the dissociation between mucosal-arterial Pco, 
gradients and total splanchnic blood flow. 


S. M. Jakob 
J. Takala 
Kuopio 
Finland 
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Editor—Jakob and colleagues suggest that the Haldane effect may 
explain a paradoxical increase in gastric mucosal Pco, (P 
secondary to an increase in mucosal blood flow. This hypothesis 
18 attractive, but certainly difficult to prove in critically 11] patients 
since it would require simultaneous measurements of gastric 
mucosal blood flow, O, saturation and PcO2. To overcome this 
limitation, the authors postulated that changes in splanchnic blood 
flow would reflect changes ın mucosal blood flow and that changes 
in hepatic vein O, saturation (ShvO2) would reflect changes in 
mucosal Oy saturation. They reported that patients with in increased 
gradient between P and Paco, (Pco2 gap) had a greater 
increase in ShvO,, so that the Haldane effect was likely to apply. 
They also reported that the hepatic venous—arterial PCO, gradient 
increased in some patients while the CO, content differences 
remained unchanged. $ 


We have several concerns and comments. First, we presume that 
there was an inversion between baseline and second measurement 
values of splanchnic O saturation, smce changes in oxygen 
extraction and saturation should go in opposite directions. Second, 
the patients in both groups experienced major changes in 
temperature and temperature was not included in the simplified 
formulas used to calculate CO, contents. Third, the measurements 
may be limited by technological limitations. Pgco, was measured 
using two different blood gas analysers, with one analyser 
underestimating saline PCO, so that measurements obtained with 
this instrument were corrected by a correction factor calculated 
from a regression analysis. However, a good correlation between 
two methods does not imply a good agreement between the two 
methods.2 A Bland and Altman? analysis should have been 
performed in order to check if measurements obtained by the two 
methods could be interchanged before using a correction factor 
for the bias. Finally, changes in Pgco, gap were within the range 
of error in the measurements. The error in Pgco, measurements 
are around 0,13 kPa. Creteur and colleagues? recently determined 
in vitro that the precision (one standard deviation) of saline 
tonometry is 0.26 kPa for an equilibration time of 30-60 min. 
Hence the error in Pgco, should be around 0.52 (two standard 
deviations) and the error in Pco, gap 0.7 kPa The changes in 
PcoO, gap here were of 0.4 kPa in group 1 and 0.6 kPa in group 
2. The changes in hepatic venous PcO, gradients in patients 
increasing their gradients were within the range of error of these 
measurements (error +0.3 kPa, changes between 0.1 and 0.3 
approximately, as reported in Figure 4). Hence, the conclusions 
drawn from these data that the Haldane effect may be involved 
in the increase in Pgco, observed in some patients are weak. 


D. De Backer 

J Creteur 

J-L Vincent 

Department of Intense Care 
Erasme Unversity Hospital 
Brussels, Belgium 


1_Jakob SM, Kosonen EP, Ruokonen IE, Parviainen l, Takaka }. The Haldane 
effect—an alternative explanation for increasing gastric mucosal PCoz 
gradients? By | Anaesth 1999; 83. 740-4 

2 Bland JM, Altman DG. Stanstical methods for assessing agreement 
between two methods of clinical measurement. Lancet 1986; i. 307-10 

3 Creteur J, De Backer D, Vincent JL. Monitoring gastric mucosal carbon 
dioxide pressure using gas tonometry’ m vitro and in vro validation 
studies. Anesthesiology 1997; 87: 504-10 


Surgery for fractured femur and elective ICU 
admission at 113 yr of age 


Editor—Your case report, on Surgery for fractured femur and 
elective ICU admission at 113 yr of age,! with its accompanying 
editorial,” cannot go unremarked. 

The audit reported in the editorial shows that, for their case- 
mix, it was possible to reduce mortality to 1.5% for fractured 
neck of femur. The case illustrates how ıt might be done The nub 
of the argument both present 1s that because such results can be 
achieved, they ought to be. We thus appear to have reached the 
position that all patients, whatever their age or pre-morbidity, 
must be offered every available therapy, including high dependency 
or intensive care, if they are to be offered surgery This is odd, 
and feels so wrong, that it needs further analysis. 

First, what feels wrong about ıt? You have only to look to the 
case report for the answer. How can be justify aggressive critical 
care in-a wheelchair bound, confused 113 yr old, when the best 
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possible outcome is discharge, still confused, still wheelchair 
bound? I cannot see any argument for critical care in this patient 
There are of course some very fit patients of great age who want 
and merit every effort, but many elderly patents who are fully 
compos mentis are actually just waiting to die, and would refuse 
intensive care. Is it reasonable to offer intensive care to someone 
whose best mental state is confused? When a patient 1s no longer 
mentally competent, we are required to act in their best interests, 
but this does not mean automatically prolonging hfe. ‘To presume 
that the incompetent person must always be subjected to what 
many rational and intelligent persons may decline is to downgrade 
the status of the incompetent person by placing a lesser value on 
his intrinsic human worth and vitality’ > It is clear from Bland? 
that we are not required to offer every available treatment when 
‘acting ın the patient’s best interests’ If you state that surgery 
cannot be considered unless we offer full supporting care 
postoperatively, then you insist on prolonging life whatever the 
circumstances. That must be wrong 

The mistake is, I think, to consider all operations equal, and to 
categorize them all as intended to cure. From this derives the idea 
that we should not offer surgery unless we offer the back up 
critical care to give the surgery a change of ‘success’. But the 
assumption that we are always trying to cure the patient is wrong. 
We are not. We often undertake operations where we know that 
there is no chance of cure, for instance, passing an obstruction in 
inoperable cancer, fixing pathological fractures, etc. We 
anaesthetise for these procedures even though there is no chance 
of cure; we do not offer critical care, and we regularly leave 
instructions not to resuscitate. No one would criticize this. 

Much surgery for fractures in the elderly is palliative. We 
operate to relieve acute pain, and to allow pain-free nursing care, 
care to pressure areas, use of bedpans, etc. Without the surgery, 
these procedures are panful. When the fracture is fixed, they are 
tolerable We do not expect all the patients to recover, but we still 
operate on them to make their last days more tolerable 

It will be argued that it 1s wrong to think of operations as 
palliative when the patient does not have malignant disease. I 
would respond that many have a potential 5-yr survival which is 
less than those with malignant disease: very old patients do not 
live very long, even if ‘cured’ by the operation. Further, it may 
help to view the fall and fracture as the first events in the process 
of dying. 

How do we decide which patients’ operations are palliative, 
and which curative? Sometimes the answer is obvious, in either 
a very fit or a very unfit patient. Sometimes the answer is unclear, 
there 1s some prospect of survival, though it is not high. There, I 
suggest, lies the reason for operating with the patient in the best 
condition possible (‘optimized’), but not offering critical care: 
those for whom the operation is palliative will select themselves, 
the others will survive. 

I would agree with Sharrock’s contention that anaesthesia and 
surgery by jumor staff followed by return to the ward may be 
suboptimal, and believe consultant input may be essential. I would 
also agree that in some circumstances it may be inappropriate to 
‘optimize’ before surgery, but not because, as he suggests, the 
medical condition will not improve until the fracture is fixed (it 
can often be improved, in practice), rather because when we know 
in advance that an operation is palliative, it may be inappropriate 
to optimize, as the target ıs not cure. I would also support 
NCHPOD’s recommendations‘ that ‘If a decision is made to 
operate on an elderly patient then that must include a decision to 
provide appropriate postoperative care, which may include high 
dependency or intensive care support’, with the emphasis I have 
added: the recommendations should not be taken to mean ‘critical 
care for all’, but better and closer attention to basic care, such as 
fluid balance management, in appropriate cases by appropriately 
trained doctors. 


C. P H. Heneghan 
Nevin Hail Hospital 
Abergaveny, UK 
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Editor—I welcome Dr Heneghan’s comments on this complex 
issue. To fully reply would involve a discussion of medical ethics, 
which is not my area of special interest. Nevertheless, I shall 
comment on three aspects. 

First, 1s repair of a fractured neck of femur a palliative operation? 
Probably not in most cases, but if there is any doubt, I believe it 
1s better to consider it a curative or corrective procedure 

Secondly, should patients with confusion be treated differently? 
I would prefer to treat them carefully as inadequate management 
may add to the confusion state. 

Finally, the quotes from NCEPOD appear to agree with the 
approach I have suggested—namely, optimize intraoperative and 
perioperative care. Many may benefit from a ‘Step Down’ or high 
acuity care unit for several days and some will need intensive 
care. My recommendation 1s, why not treat these patients properly 
if it is helpful? 


N E. Sharrock 
New York, USA 


Editor—Death, it has often been said, is the old man’s friend. 
Perhaps ıt would have best been this unfortunate lady’s friend as 
well.! Certainly in my discussions with elderly patients with life- 
threatening conditions they fear more being left confused and 
dependent in a home than death itself. Reaching your 114th 
birthday if you cannot even tell what day it is, hardly gives cause 
for celebration! I am sure few will be surprised by Dr Oliver and 
colleagues’ ability to safely administer general anaesthesia to this 
lady and J am unsure why this case report was accepted for 
publication. I have significant reservations about the advisability 
of intensive care admission and 31 days hospitalization for a 
confused old lady at the end of her life, and am concerned about 
the message the report may convey. Surely the issues here are 
analgesia and comfort care, and dignity in death? In my opinion, 
early fixation of hip fracture is almost always indicated, even in 
the most demented patient, to aid provision of adequate analgesia 
and nursing care. Good surgical technique and careful anaesthesia 
will return the vast majority of patients to the general ward in 
good condition; I agree with Dr Sharrock that these cases should 
not be left to the most junior member of the anaesthetic team.” 
Failure to tolerate surgery and anaesthesia, or the onset of 
complications in the postoperative period, should be considered 
very poor prognostic signs. The physician has special responsibility 
to his patients not to officiously preserve hfe at all costs, and to 
preserve their dignity now and in the future. The intensive care 
unit has little to offer in these situations 


M J. O'Leary 
New South Wales 
Australia 
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Editor-—We are grateful to those who commented about our article, 
as this in itself justifies its publication. The whole purpose of the 
report was to stimulate debate around the issues it raised and this 
case was one vehicle to do this—a flag waving celebration of 
anaesthetizing the ‘oldest old’ it was not. We fully acknowledge 
that ICU admission for this lady would have been far from 
appropriate given her condition on arrival in hospital. The decision 
should have been made at that point for limited intervention and 
‘death may well have proved to be a friend’. Unfortunately, many 
decisions are made by trainee staff, outside of standard working 
hours, which have major implications. 

The problem and central issue is: that the anaesthetists and 
intensivists were not party to the original treatment decision. The 
admitting team acknowledged the unsuitability for surgery, but 
then proceeded to fully resuscitate the patient. The situation was 
then patently different, as this lady was in pain with an unstable 
fracture, with perhaps months to live. We decided to proceed to 
surgery, being unable to find any other acceptable treatment option. 
It was not a sudden or easy decision and even our critics are 
unable to offer any better option than to commit to surgery or to 
do nothing. 

The next issue is the method and limits of intervention. We 
agree with the comment that ‘Good surgical technique and careful 
anaesthesia will return-the vast majority of patients to the general 
ward in good condition’, but which clinician can identify this 
‘vast majority’ without error? To improve the chances of optimizing 
a treatment plan for any patient we must by-pass this outdated 
concept of anaesthesia and ICU being separate entities. Admission 
to ICU should not be viewed as crossing a great medical chasm; 
but as £ continuing of treatment via operating theatres, ICU and 
HDU and optimization of patients before theatre is surely the way 
forward. ICU is an extension of quality anaesthetic care, or at 
least it should be 

This concept should not be translated as ‘to officiously preserve 
life at all costs’, but to define treatment limitation before precipitous 
events force sudden moral judgements. If this patient had suffered 
a cardiac arrest at any time, then like Dr Heneghen we consider 
intervention to be inappropriate. However, if this patient had 
suffered postoperative respiratory failure in the recovery room, 
then what is the appropriate step? Extubation and death from acute 
dyspnoea in a recovery environment we believe is unacceptable for 
the patient, the relatives and the recovery staff and certainly does 
not ‘preserve dignity’. Unplanned, emergency admission to ICU 
for a pre-terminal event is likewise inappropriate. 

’ The plan for this patient was to undergo a defined ‘period and 
level of treatment’. There was agreement that there would be no 
supportive measures if multi-organ failure ensued, no prolonged 
ventilation and no re-admission to ICU from the general ward. If 
critical deterioration did occur, then perhaps death with some 
dignity could have been achieved in a controlled environment. 

We do not and never will advocate ‘critical care for all’, but 
believe that every case needs judgement on its individual merits 
and fully support the NCEPOD recommendations in principle, but 
the words ‘appropriate’ and ‘may’ do little to assist a consensus 
viewpoint. Dr Heneghan also highlights the other side of the 
debate. We often do anaesthetise patients who have no chance of 
‘cure’ and we acknowledge that our patient overlaps into this 
category. We do regularly anaesthetise for ‘palliative procedures’, 
but surely not so, if we beleve that they will not survive the 
intra-operative period? If this is the case, then the expertise of 
our palliative care physicians is either unavailable or under-utilized. 

In summary, this report was designed to highlight the 
implications of early decision making as soon as a patient enters 
hospital and its sequelae. The treatment instigated may not be 


everyone’s ideal, but was constructed after discussion with 
relatives, nursing staff, orthopaedic surgeons, anaesthetists and 
intensivists. A treatment plan was used, which was aimed at 
optimizing the ‘palliative procedure’ and avoiding spur-of-the- 
moment moral decisions. Limited ICU resource was incorporated 
to achieve this result and paradoxically to reverse the problems 
that in this case were caused by ‘attention to basic care, such as 
fluid balance management’. At no time would we recommend the 
preservation of life at any cost, but consider that if a job is worth 
doing at all it is worth doing well. 


C. D. Oliver 
S. A White 
London 


Increasing isoflurane concentration may cause 
paradoxical increases in the EEG bispectral index 
in surgical patients 


Editor—We read with interest the article by Detsch and colleagues, 
in which they demonstrated an increase in BIS in 39% of 
patients subjected to an increase in isoflurane concentrations 
during abdominal surgery.! 

On closer examination of this study, it is evident that some of 
these patients were ASA IM, and the eldest was 70 yr old. 
Inevitably, subjecting such a group of potentially physiologically 
sensitive patients to double the concentration of volatile agent 


_ necessary to maintain adequate anaesthesia, led to the frequent 


requirement for a norepinephrine infusion to maintain blood 


The authors postulate that the increase in BIS 1s entirely 
paradoxical and that the patients’ depth of anaesthesia did not 
lighten. The two examples the authors gave of the raw EEG traces 
tend to support this, although it would be necessary to see all the 
EEG traces to confirm it. If this is so, it must be hypothesized 
that intermittent EEG phenomena occurred that ‘tricked’ the BIS 
into a higher number. For this to occur there must be some 
increased spectral (or bispectral) power in the higher frequency 
bands (>30 Hz for the BetaRatio, and >40 Hz for the 
SynchFastSlow).” Irregular sudden step-changes ın the EEG signal 
could possibly have this effect on the power spectrum. The authors 
comment briefly on increased alpha and beta activity and its 
observed frequency and yet give no data on the difference in raw 
EEG recordings between groups. 

The alternative explanation is that the depth of anaesthesia 
actually did lighten. The BIS increase group not only had more 
patients requiring norepinephrine, but also showed a clear trend 
to requiring higher infusion rates Although this difference did 
not reach significance at the P<0.05 level, it did at the P<0 1 
level (using a t-test). An arousal phenomenon with inotropes has 
been shown to occur during propofol infusions.? This could be 
either due to a direct analeptic effect by the inotrope, or a 
pharmacokinetic effect—an increased cardiac output causing a 
decrease in effective brain levels of this anaesthetic agent. Thus, 
the authors’ statement, that a direct interaction between the 
norepinephrine infusion and BIS is unlikely, 1s unfounded and it 
may 1n fact be an important contributing factor. 

The authors gave no information as to whether or not any 
patients (in all three groups) actually required norepinephrine 
before the increase in isoflurane concentration. For example, 
it could be that the entire BIS decrease group actually had 
norepinephrine prior to increasing isoflurane concentration and 
none of the BIS increase group did. This information should have 
been given clearly. 

Finally, the authors question the validity of using BIS as a 
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monitor of depth of anaesthesia during isoflurane anaesthesia. We 
should not lose sight of the fact that BIS 1s only helpful as a 
monitor when regarded as a single piece of the jigsaw that makes 
up the picture of the anaesthetized patient. If BIS merely changes 
from ‘very deep’ to ‘deep’ at these exaggerated doses of isoflurane 
then it may still be regarded as a useful tool ın monitoring for 
awareness. 


J. Andrzejowski 
Sheffield, UK 

J Sleigh 

Hamilton, New Zealand 


1 Detsch O, Schneider G, Kochs E, Hapfelmeler G, Werner C. Increasing 
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3 Andrzejowski J, Sleigh JW, Johnson |, Sikious L. Epinephrine has a 
stimulatory effect on the bispectral index and sedation. Br J Anaesth 
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Editor—We appreciate the comments with respect to our study! 
and share several of the considerations raised As well as the points 
discussed in the onginal manuscript, here are some additional 
comments on the criticisms raised in this letter Our study was 
prompted by the clinical observation of increases in the bispectral 
index (BIS) when end-tidal isoflurane concentration was increased 
during abdominal surgery in ASA physical status II as well as 
elderly patients. Considering these observations as a ‘generation 
of hypothesis’, the purpose of our study was to systematically 
investigate BIS responses to an increased concentration of a 
volatile anaesthetic rather than to investigate the mechanisms 
underlying variable BIS responses. Since the computation of BIS 
is based on a proprietary algorithm which has not yet been made 
public in full detail, any discussion of possible contributions of 
BIS sub-parameters (e.g. ‘BetaRatio’ or ‘SynchFastSlow’) to the 
‘paradoxical’ BIS responses remains speculative. 

In the letter it ıs postulated that an infusion of norepinephrine 
to support systemic haemodynamics during 1.6% isoflurane may 
have caused a ‘direct analeptic effect’ and thus, induced a decrease 
in the patients’ anaesthetic depth. This assumption 1s based on a 
prelimunary study (n=8) with propofol sedation where a bolus dose 
of epinephrine caused a BIS increase and an arousal phenomenon in 
six patients.” In contrast, we investigated deeply anaesthetized 
patients (1.6% end-tidal isoflurane) with a continuous infusion of 
norepinephrine ‘mm some patients (rather than boluses of 
epinephrine), An analeptic effect of epinephrine during sedation 
cannot be excluded by our study. Epinephrine may cross the blood- 
brain barner resulting ın an activation of cerebral metabolism.* 
Norepwephrine, in contrast, seems not to cross the intact blood- 
brain barrer and thus increases in cerebral metabolism occur only 
in the presence of a defective blood-brain barrier. We therefore 
believe that it is very unlikely that norepinephrine can ‘antagonize’ 
the effects of 1.6% isoflurane. 

The most compelling argument against a major contribution of 
norepinephrine to the paradoxical BIS responses is that 59% of 
patients in the ‘BIS increase group’ and 70% of patients in the 
‘BIS constant group’ did not receive norepinephrine, whereas 25% 
of patients in the ‘BIS decrease group’ received norepinephrine. 
Likewise, we consider it unlikely that differential BIS responses 
were caused by norepinephrine-induced changes in the 
pharmacokinetics of isoflurane since we studied patients with and 
without norepinephrine in all groups as previously mentioned. 
The suggested effect of norepinephmne on isoflurane 
pharmacokinetics by an increase in cardiac output may play a role 


with anaesthetics that are delivered at a constant infusion rate 
(e.g. propofol). However, in our study the end-tidal concentration 
of isoflurane was maintained constant by adjusting the inspired 
isoflurane concentration. Thus, the discussion on the effects of 
changes in cardiac output on brain electrical function is purely 
speculative. We consider it unlikely that interactions between 
norepinephrine (via ‘analeptic effects’ or via changes in isoflurane’s 
pharmacokinetics) and BIS responses occur. The information that 
no patient received norepinephrine during baseline or during 
recovery is presented on page 35.! 

According to information provided by the developer of the BIS 
technology (Aspect Medical Systems Inc.), a BIS range from 40- 
60 represents ‘moderate hypnotic effects’ and a BIS range between 
60-70 reflects ‘light hypnotic effects’ (see www.aspectms.com 
climcal user guide). The examples given in Figures 1 and 2A! 
show that in these two patients the BIS increased from 39 to" 62 
and from 44 to 66, respectively, during the increase in end-tidal 
isoflurane to 1.6%. These BIS changes would therefore relate to 
a change in anaesthetic depth from ‘moderate’ to ‘light’ rather 
than ‘very deep’ to ‘deep’ as suggested in this letter. Finally, we 
still question the sensitivity and specificity of BIS as a monitor 
of the hypnotic component of anaesthesia. It has been shown that 
auditory processing and memory formation is still present at BIS 
levels between 60 and 40.7 In our study, BIS at baseline shows a 
hypnotic level that is just below this range and not — as stated in 
the letter — very deep. Even if BIS is used just as a single piece 
of the jigsaw of the anaesthetised patient’s picture, this piece 
might obscure the picture. 


O. Detsch 

G. Schneider 

E. Kochs 

G Hapfelmeier 

C Werner 

Klntk fur Anaesthesiologie 
Technische Universitat Munchen 
Munich, Germany 
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Flexiblade and oral trauma 


Editor—Yardeni and colleagues have described the new Flexiblade 
laryngoscope (Arco Medic Ltd, Omer, Israel), and suggested it 
mey have a role in modern day anaesthesia.’ Our department 
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Fig 1 Sequence of x-ray radiographs of a patient with buck teeth with no damage to oral tissue 


recently tried one of these laryngoscopes and we would like tọ joined together. The articulations on the 


report a problem with its use. The flexibility of the Flexiblade posterior surface of the blade caused dan 


relies on the fact that the surface of the blade is not smooth unlike first two patients on whom we used it 
other laryngoscopes. It is made up of several pieces of metal incisor tooth was damaged and in the se 
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the upper gum was made to bleed. Neither of these patients had 
been predicted to be a difficult intubation and the Flexiblade was 
merely being used to ascertain its ease of use. Both patients 
subsequently revealed grade I views at laryngoscopy.” Whereas a 
normal Macintosh or McCoy blade would have glided over a 
tooth or gum, these tissues caught in the gap between the pieces 
of metal that make up the Flexiblade and caused damage. We 
could envisage this being even more likely in patients with poor 
mouth opening, or while manipulating the scope during a difficult 
intubation. We accept that we were at the beginning of a learning 
curve in the use of the Flexiblade, and that if we had persisted in 
its use, the incidence of problems might have decreased. However, 
there should be no learning curve as far as patient safety is 
concerned. We suggest that if trials show these laryngoscopes to 
be a useful addition to our difficult intubation trolley, that the 
blades are used with some sort of sheath like the Larygard (Penlon, 
Abingdon, England) to avoid damage to teeth or gums. 


J. Andrzejowski 
G. Francis 
Sheffield 

UK 


| Yardeni IZ, Abramowitz A, Zelman V, Katz RL. A new laryngoscope 
with flexible adjustable rigid blade. Br J Anaesth 1999; 83: 537-9 

2 Cormack RS, Lehane jJ. Difficult tracheal intubation in obstetrics. 
Anaesthesia 1984; 39: 1105 


Editor—-Thank you for giving me the opportunity to reply to 
Andrzejowski and Francis’ letter. The Flexiblade laryngoscope 
was tested for nearly 2 years in the anaesthetic department of 
Rabin Medical Center, Petach Tikva, Israel, and for more than 
| year in the anaesthetic department of USC School of Medicine, 
Los Angeles, California, without reported oral trauma. There was 
a single case of a broken incisor tooth reported from Bickur Holim 
Hospital in Jerusalem, which was due to a lack of appreciation of 
the versatility of the blade. 

The Flexiblade is inserted with its control trigger released. This 
permits the blade to be pulled back when encountering resistance 
from the tongue and the mandible. As a result, the blade changes 
its shape to a nearly straight one, very similar to the Miller blade. 
By gentle squeezing of the trigger, flexion of the intermediate 
portion of the blade is achieved, altering its curvature to unlimited 
angles, ranging from 91° to 302°. 

The Flexiblade is not made up of “several pieces of metal joined 
together’, but of one stainless steel blade, with six slots and seven 
windows on the flange that is subjected to a thermal treatment 
process to improve its flexibility. 

The Flexiblade web width is not larger than that of other 
laryngoscope webs. At 10 cm and 12 cm distance from the tip, 
the web width of a size 4 standard Macintosh is 18 and 21 mm 
respectively. The web width of the McCoy blade is 18 and 25 mm, 
while the Flexiblade web is 14 and 15.5 mm only. 

Dr Andrzejowski claimed that neither of his patients had been 
predicted to be a difficult intubation meaning that, following the 
Wilson classification, the mean value of the inter-incisor gap, 
measured with the mouth fully open, was at least 46 mm.* This 
is sufficient space to insert a nearly straight laryngoscope. blade. 

Insertion of any curved, rigid laryngoscope blade in a patient 
with a small mouth opening will invariably cause oral trauma 
whether the flange is smooth or not. It seems that in the reported 
cases the author inserted the Flexiblade while the trigger was not 
released. It caused the stabilization of the blade in a fixed curved 
position, which may disturb the smooth penetration of the blade 
and cause oral trauma. I can imagine that in these two cases, the 
mouth had not been opened as far as suggested in older and more 
recent texts.> t 


The convex curvature of the Flexiblade is not as smooth as the 
Macintosh blade but is well polished to prevent damage to oral 
tissue. Insertion of the Flexiblade with the trigger released ensures 
easy penetration of the blade to glide over the tongue until resting 
in the vallecula. This is the time to pull the trigger, without any 
additional levering manoeuvre. This might lengthen the blade, 
depress the hyoepiglottic ligament, move forward the epiglottis, 
depress the tongue at more than one point and reveal the tracheal 
inlet. This description can be seen from the sequence of x-ray 
radiographs of a patient with buck teeth, with no damage to the 
oral tissue (Fig. 1} 

The suggestion of the authors to use some sort of transparent 
sheath to cover the blade is welcomed for both hygienic and 
safety reasons. I have passed a copy of the letter with the reported 
cases to the manufacturer to recommend the use of an elastic 
cover on the Flexiblade. 


L Z. Yardeni 

Rabin Medical Center 
Petach Tikya 

Israel 
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Ropivacaine 0.75% for epidural anaesthesia in a 
patient with severe Takayasu’s disease 


Editor—We read with interest the case report by Henderson and 
Fludder which reported an epidural anaesthetic for Caesarean 
section in a patient with severe Takayasu’s disease.! The authors 
used an equal mixture of lidocaine 2% and bupivacaine 0.5% for 
epidural anaesthesia. The Caesarean section was uneventful despite 
a decrease in systemic blood pressure from 160 to 120 mm Hg 
after the first dose of local anaesthetic mixture. However, 
hypotension carries a high risk of syncope or severe cerebral 
ischaemia in these patients. We agree that the effect of pregnancy, 
labour, and delivery are not known to alter Takayasu’s disease 
activity. However, a substantial number of patients have worsening 
of complications, particularly cardiac decompensation. We must 
keep in mind that Takayasu’s disease is often fatal, death resulting 
usually from cerebral ischaemia or heart failure.’ 

We would like to solicit the authors’ view on the use of 
ropivacaine for epidural anaesthesia in parturients with Takayasu's 
disease, Several studies have shown that this local anaesthetic is 
less cardiotoxic than bupivacaine or lidocaine? + We would like 
to report our experience concerning the use of ropivacaine for 
epidural anaesthesia in a 23-yr-old parturient with severe 
Takayasu's disease presenting at 28 weeks gestation and scheduled 
for Caesarean section for intrauterine growth retardation. The 
diagnosis was made 2 yr previously after an operation for 
abdominal aorta stenosis and upper mesenteric artery occlusion. 
The patient also had a history of left aortofemoral bypass and 
postoperative acute myocardial infarction. On admission her blood 
pressure was 160/110 mm Hg (usual: 130/80 mm Hg) although 
she was being treated with atenolol 25 mg daily. Full neurological 
examination revealed no signs or symptoms of disease. There was 
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also na sign or symptom of cardiac or respiratory problems. 
Regional anaesthesia was provided via a lumbar epidural catheter 
with bolus doses of 2-3 ml of ropivacaine 0.75% every 5 mun. 
The blood pressure was measured every 3 nun After the first 
dose of ropivacaine, the blood pressure was 145/100 mm Hg and 
remained stable. Subsequent doses of ropivacaine did not alter it. 
Ephedrine or i.v. fluid infusion were not required. The heart rate 
remained stable. A total of 22 mi of ropivacaine 0.75% and 
sufentanil 25 ug were given over 45 min to achieve a T4 level of 
block. The Caesarean section was uneventful. The blood pressure 
decreased after delivery to 125/79 mm Hg. The postoperative 
course was uneventful and the patient was discharged 5 days later. 

In most cases published previously, as in the paper from 
Henderson and Fludder,! hypotension was constantly reported and 
required the use of ephedrine and rapid i.v. fluid infusion.! ? In 
our patient, there was haemodynamic stability throughout the 
case. Although there are no differences between ropivacaine 
and bupivacaine in terms of haemodynamic effects in healthy 
parturients, we think that clinical studies comparing these two 
drugs in patients with cardiovascular disease should be performed. 
Ropivacaine, which is less cardiotoxic and provides better 
haemodynamic stability than bupivacaine, may be of benefit for 
epidural anaesthesia in parturients with severe Takayasu’s disease. 


M. L Ousmane 

M. Fleyfel 

Département d’Anesthésie-Réanimation 
Lille 

France 
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Editor—Many thanks for the opportunity to reply to the letter by 
Ousmane and Fleyfel. There appears to be little difference in the 
outcome of patients with Takayasu’s disease undergoing Caesarean 
section whether ropivacaine 0.75% and sufentanil is used rather 
than our mixture of bupivacaine 0.5% and lidocaine 2%. Indeed, 
the volume of local anaesthetic required was identical (and within 
normal limits) and the initial fall in blood pressure seen with the 
first dose was comparable. Moreover, the outcome for both cases 
was entirely uneventful to the mother and the fetus. 

This should not be surprising. There is well-documented 
evidence in the literature that ropivacaine 0.75% compares 
favourably to bupivacaine 0.5% for use in epidural anaesthesia 


for Caesarean section.' It has been found to be safe and as | 


effective as bupivacaine with a comparable onset time, sensory 
spread and motor block. However, Bjornestad and colleagues” 
commented that ropivacaine 0.75% was associated with a more 
profound drop in systolic blood pressure than bupivacaine during 
epidural anaesthesia for Caesarean section in otherwise fit 
individuals. But this has to be balanced against ropivacaine 0.75% 
being less cardiotoxic than bupivacaine when given in excess or 
madvertently administered intravenously.* 

Therefore the choice lies between ropivacaine with its decrease 


in cardiotoxicity but with the potential to cause a sustained 
decrease in systolic blood pressure and bupivacaine which is not 
as safe in excess but seems to be better at preserving perioperative 
blood pressure. Maintenance of blood pressure 1s paramount in 
patients with. Takayasu’s disease and this effect may therefore 
have implications for the preferred use of ropivacaine over 
bupivacaine. However, it is difficult to translate the effect epidural 
local anaesthetics have on patients with normal blood vessels to 
patients with one rigid and inflexible vascular tree seen with 
Takayasu’s disease. There is some evidence from a number of 
published case reports’ 5 that blood pressure generally remains 
unaffected during epidural anaesthesia for Caesarean section in 
patients with Takayasu’s disease, probably as' a result of the 
vascular fibrosis preventing vasodilatation. However, ıt cannot be 
assumed that this is likely to be the case with ropivacaine, it is 
my opinion that it is preferable to use bupivacaine to maintain 
perioperative blood pressure in patients with this disease 


K. Henderson 
Brighton 
UK 
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Midazolam premedication and thiopental induction 
of anaesthesia 


Editor—We read with interest the study by Wilder-Smith and 
colleagues regarding the interaction between midazolam and 
thiopental!. The authors concluded that midazolam premedication 
potentiates thiopental induction of anaesthesia despite being unable 
to demonstrate a significant difference between premedicated and 
unpremedicated patients for median doses required to reach specific 
pharmacodynamic end-points. 

We recently concluded an institution-approved study whereby 
two groups of patients were given 50 mg boluses of thiopental at 
15 s intervals for induction of anaesthesia One group (n = 20) 
received no sedative premedication or narcotic pre-tnduction. 
Another group (n = 20) received oral midazolam 3.75 mg, 30- 
120 min before induction and i.v. fentanyl 100 pg, 1 mun pre- 
induction. The time to loss of eyelash reflex was recorded and the 
effect compartment concentration (Ce) was predicted using the 
pharmacokinetic-pharmacoydnamic (pk-pd) model described by 
Stanski and Maitre.” 

We found the median effect compartment thiopental 
concentration at loss of the eyelash reflex to be 11.0 ug mi~! in 
unpremedicated patients and 8.2 ug ml“! in patients premedicated 
with midazolam. This difference was statistically significant 
(Mann-Whitney U-test, P<0.05), and the concentration ratio 
was 1.35. Despite the marked difference in methodology, the 
concentration ratio we obtained was similar to the dose ratios 
reported by Wilder-Smith and colleagues for loss of verbal contact 
and drop flex. 
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Using C, to compare potency may allow direct comparison of 
results derived from bolus and infusion induction methods. In 
addition, while the injected dose can be calculated on a per unit 
weight basis, other covariates such as age can be incorporated in 
the calculation of C,. Age has been known to influence the 
pharmacokinetics of hypnotics used in anaesthesia.2 7 A lower 
dose in an elderly patient may result in a C, equal to that in a 
young patient receiving a higher dose 

While it is not possible to directly measure C,, predicted 
concentrations still serve a useful purpose The C,-response 
relationship can be used to devise dosing regimens which predict 
the response ın a population.* 


T. A. Lim 
Anaesthesiology Unit 
Universit Putra 


Malaysia 


K Inbasegaran 

Department of Anaesthesiology 
Hospital Kuala Lumpur 
Malaysia 
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Editor—We would like to thank Lim and Inbasegaran for their 
mteresting comment on our study of the interaction between 
infusion induction of anaesthesia with thiopental and midazolam 
premedication.! In this study we demonstrated sigmificant 
differences in EDs at various anaesthesia endpoints between 
premedicated and unpremedicated patients. These differences were 
not statistically different for median doses. 

Lim and Inbasegaran suggest that the difficulties in comparing 
the results of drug interaction studies using either infusion or 
bolus models can be overcome by using pharmacokinetic- 
pharmacodynamic (pk-pd) modeling to calculate effect 
compartment concentrations, with the additional advantage that 
these can take into account variations due to age. In support, they 
cite the results of ther own bolus induction study, showing 
significant differences in effect site concentrations between 
premedicated and unpremedicated patients, and resulting in a 
potency ratio similar to that derived from our dosage results. 

We have calculated effect compartment concentrations from the 
results of our study using the same pk-pd model described by 
Stanski and Maitre.? For our patients, the median calculated 
thiopental effect site concentration at loss of verbal contact was 
15.5 ug mi! (interquartile range: 9.9-18.5) for unpremedicated 
patients, and 12.7 ug mi“! (8.9-15.9) for premedicated patients, 
resulting in a median effect site concentration ratio of 1.22 — close 
to the median dose ratio of 1,26.! The difference between the two 
median effect site concentrations is not statistically significant 
(Mann-Whitney U-test, P=0.4). 

While the effect site concentration ratio in both studies 1s 
simular, median effect site concentrations in our study are 40- 
50% higher than those obtained by Lim and Inbasegaran. The 


difference in concentrations may in part be explained by the 
addition of i.v. fentanyl to midazolam premedication by Lim and 
Inbasegaran. It may also be due to methodological differences 
either in endpcint determination, i.e. loss of eye-lash reflex vs loss 
of verbal contact, or in study design, i.e. waiting for the endpoint 
to occur after giving a bolus vs determining it during continuous 
infusion. These differences will continue to need to be taken into 
account in comparing drug interaction studies. The technique of 
using predicted effect site concentrations to make the results of 
different drug interaction models comparable warrants further 
investigation and deserves to be included in future studies. 


O.H G Wilder-Smith 
Nociception Research Group 
Bern University 

Switzerland 


| Wilder-Smit1 OHG, Ravussin PA, Decosterd LA, Despland PA, 
Bissonnette B. Midazolam premedication and thiopental Induction of 
anaesthesia’ interactions at multiple endpoints. Br | Anaesth 1999; 83: 
590-5 

2 Stanski DR, Maitre PO. Population pharmacokinetics and pharmaco- 
dynamics of thiopental: the effect of age revistted. Anesthesiology 1990; 
63: 412-22 


Patient-controlled analgesia in labour 


Editor—The article by Thurlow and Waterhouse on the use of 
remifentanil patrent-controlled analgesia (PCA) in parturients with 
contraindications to the use of epidural analgesia in labour, was 
interesting.! Remifentanil.is being used extensively ın general 
anaesthetics, and this opens up a new application for its use as an 
effective analgesic modality during labour. I would like to add 
some further information pertaming to this rapidly developing 
area of clinical practice. 

The use of an arbitrary figure (platelet count <100 000 mm™®) 
as a contraindication to epidural analgesia in labour 1s questionable. 
Belin and co-workers report the largest series of parturients who 
had an epidural anaesthetic placed without complications when 
the platelet count was <100 000 mnr?.? None of their patients 
had any clinical evidence of bleeding or decreasing platelet count 
at the tıme of epidural catheter placement. They recommend that 
a patient’s entire clinical presentation be taken into account when 
deciding on the appropriate anaesthetic technique. 

Based on a recent survey, most anaesthetists (66% of those in 
academic practice and 55% of those in private practice) will place 
an epidural anaesthetic when the platelet count is between 80 000 
and 100 000 mm73.3 

While the authors mention the use of pethidine and fentanyl 
PCA techniques during labour, butorphanol tartrate, an analgesic 
possessing mixed agonist-antagomist activity at opiate receptors, 
also has a use in intravenous PCA ın parturients prone to drug- 
seeking behaviour (lacks euphoric activity).* The use of PCA with 
tramadol, a synthetic analogue of codeine that binds to mu opiate 
receptors and inhibits norepinephrine and serotonin uptake, for 
the control of pain associated with labour has been described. A 
potent analgesic efficacy, equivalent to meperidine or morphine 
for moderate pain, along with negligible respiratory depressant 
activity and munimal side-effects makes it suitable for this 
technique. 

Frank and co-workers compared the use of nalbuphine (3 mg) 
and pethidine (15 mg) PCA techniques in a double blind 
randomized trial on 60 patients during the first stage of labour.® 
Group mean values of pain scores of nalbuphine-medicated 
primiparous women were statistically lower than those of 
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pethidine-medicated patients (P<0.01). No differences were noted 
in sedation, uterine contractions, maternal cardioventilatory 
variables. fetal heart rates or Apgar scores. Another group in a 
recent study report the use of patient-controlled meperidine (10- 
15 mg every 10 min) analgesia in 259 women of mixed parity in 
spontaneous labour at full term.’ 

Finally, Burrows and colleague studied 513 (7.6%) cases of 
thrombocytopenia occurring in 6715 consecutive deliveries. Of 
these cases, 65.1% consisted of healthy women in whom 
thrombocytopenia was incidentally discovered, 13.1% were 
healthy women with an obstetric or medical condition such as 
diabetes or premature labour and 21% were hypertensive patients 
and patients with mmmune thrombocytopenia. 

This information, ın association with that offered by the authors, 
helps us to understand better the way to deal with the labour 
analgesic requirements of the parturient with associated 
thrombocytopenia. 


A. Anan 

Department of Pain Management/Anesthesiology 
Medical College of Wisconsin 

Milwaukee 

WI, USA 


| Thuriow JA, Waterhouse P. Patient-controlled analgesia in labour 
using remifentanil in two parturients with platelet abnormalities. Br J 
Anaesth 2000; 84: 411-3 


2 Beilin Y, Zahn J, Comerfold M. Safe epidural analgesia in thirty ` 


parturients with platelet counts between 69 000 and 98 000 mm™. 
Anesth Analg 1997; 85: 385-8 

3 Beilin Y, Bodian CA, Haddad EM, Leibowitz AB. Practice pattern of 
anesthesiologists regarding situations in obstetric anesthesia where 
clinical management is controversial. Anesth Analg 1996; 83: 735-41 

4 Vogelsang |, Hayes SR. Butorphanol tartrate (stadol): a review. | Post 
Anesthsia Nurs 1991; 6: [29-35 

5 Lewis KS, Han NH. Tramadol: a new centrally acting analgesic. Am J 
Health-System Pharm 1997; 54: 643-5 

6 Frank M, McAteer Ej, Cattermole R, Loughnan B, Stafford LB, 
Hitchcock AM. Nalbuphine for obstetric analgesia. A comparison of 
nalbuphine with pethidine for pain relief in labour when administered 
by patient-controlled analgesia (PCA). Anaesthesia 1987; 42° 697-703 

7 Sharma SK, Sidawi JE, Ramin SM, Lucas Mj, Leveno Kj, Cunningham 
FG. Cesarian delivery: a randomized trial of epidural versus patient- 
controlled meperidine analgesia during labor. Anesthesiology 1997; 87: 
487-94 

8 Burrows RF, Kelton JG. Thrombocytopenia at delivery: a prospective 
survey of 6715 deliveries. Am J Obstet Gynecol 1990, 162: 731-4 


Editor—-We thank Dr Anand for his interest in our case report.! 
We wauld like to reply to some of the points he raised. In our 
discussion, we stated that epidural analgesia for labour is not 
recommended if the platelet count is less than 100 X 10° mr! 
(normal >150 X 107 mi-!).? We accept that Beilin and colleagues 
reported no complications when the platelet count was Jess than 
100 X 10° mi” in their series of 30 parturients.? Epidural 
haematoma, although infrequent, is a true emergency and must be 
decompressed within a few hours to prevent permanent 
neurological damage. Parturients who present with a low platelet 
count at time of delivery and in whom pregnancy is uneventful 
differ from those parturients with thrombocytopenia due to 
increased platelet destruction. An epidural for labour may be 
considered safe in a patient with a platelet count of less than 
100 x 10° mi”! if there is no risk that the platelet count has 
decreased further and that there is no associated platelet dysfunction 
or other coagulation abnormality.? We agree with Dr Anand that 
the whole clinical presentation should be taken into account when 
deciding on specific analgesic techniques. 


Patient-controlled analgesia techniques are not new to obstetrics. 
We accept that various opioids have been used with a PCA device 
in labour,’ but remifentanil may have advantages compared to 
other opioids due to its rapid onset time and rate of hydrolysis. 


J. A. Thurlow 
P. Waterhouse 
Bristol, UK 
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Difference in pre-intervention and post-inter- 
vention thromboelastography times 


Editor—In the report by Gorton, Lyons and Manray,! the difference 
in pre-intervention and post-intervention thromboelastography 
times 1s probably an artefact of sampling technique. The first 
sample was withdrawn through a 16-gauge cannula, whereas the 
second sample was taken through a 22-gauge cannula. There was 
thus a difference in the sampling technique. It is recognized that 
sampling blood through small bore needles can induce pre- 
activation of coagulation in the sample, resulting in artificially 
shortened clotting times. This could account for the difference in 
thromboelastography measurements found. To eliminate this error, 
the study should be repeated with both samples taken from the 
same place. 


C. J. Richard 

Department of Anaesthetics 
Edinburgh Royal Infirmary 
Edinburgh 

UK 


l Gorton H, Lyons G, Manray P. Preparauon for regional anaesthesia 
Induces changes in thromboelastography. Br J Anaesth 2000; 84: 403—4 


Editor—We are not aware of any evidence to suggest that 
coagulation as measured by thromboelastography (TEG) 1s 
influenced by the size of cannula used for venepuncture. To test 
this hypothesis, we performed TEG on five volunteers using a 16- 
gauge and a 22-gauge Venflon placed in opposite forearm veins, 
using a standardized technique with intradermal lidocaine. Blood 
taken from the larger cannula showed greater coagulability in all 
four TEG variables than that taken from the smaller cannula. For 
the difference to become statistically significant, we would have 
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needed to study 150 to 200 subjects. We speculate that the larger 
cannula produces more endothelial damage, releasing coagulation 
activators. 

It is likely that there is a cannula-induced artefact, although the 
differences are too small to be clinically significant. However, the 
changes seen are in the wrong direction to explain our original 
findings. The point we wished to make in our Short Communication 
was that TEG changes attributed to colloid infusions in vivo might 
have an alternative explanation. We hope that Dr Richard would 
approve if we acknowledge that a different cannula sequence 
would have supplied an unrelated explanation. We have sought to 
demonstrate that fine differences in technique can generate changes 
in vivo that might be erroneously attributed. We hope that in this 
respect, we share a common aim. 


H. Gorton 
Leeds 
UK 


Separating the treatment effect of atropine from 
its prophylactic benefits during inhalational 
induction of anaesthesia in young children 


Editor—The interesting study by Shaw and colleagues! highlights 
the difficulties in separating the treatment effect of atropine 
from its prophylactic benefits during inhalational induchon of 
anaesthesia in young children. Atropine does exactly what it 
says on the label, as shown by the reduction in excessive 
secretions and increased heart rate in those infants premedicated 
with 40 ug kg! orally. If the need to give succinylcholine 
during an inhalational induction 1s a proxy measure of airway 
difficulty, their finding that 15-16% of patients needed this 
intervention, regardless of whether they received atropine 
premedication, is interesting. Why give succinylcholine in this 
situation at all unless there is actual or impending airway 
difficulty? It is also noteworthy that similar proportions of 
patients experienced arterial desaturation below 94%. If these 
outcome measures are clinically relevant, then atropine 
premedication appears to offer no protection. 

This study is a demonstration of the experienced anaesthetist’s 
sixth sense, normally difficult to quantify but usefully summarized 
as the ability to anticipate and avoid trouble. It should not give 
comfort to the less experienced, however, because the authors 
have not shown that atropme premedication avoids the need to 
intervene with ‘...swift, appropriate airway management’ to prevent 
clinically significant arterial desaturation. 

Inhalational induction in infants remains a challenge even to 
the experienced anaesthetist and judicious premedication, whether 
sedative or anticholinergic, plays an important part. Just how the 
margin of safety can be increased, by which treatments and in 
which patients, needs further clarification. 


P. Wolstencroft 

M. A Stokes 

Department of Anaesthesia 
Birmingham Children’s Hospital 
Birmingham 

UK 


1 Shaw CA, Kelleher AA, Gill CP, Murdoch LJ, Stables RH, Black AE. 
Comparison of the incidence of complicanons at induction and 
emergence in infants receiving oral atropine vs no premedication, Br 
J Anaesth 2000; 84: 174-8 


Editor—Thank you for the opportunity to reply to Drs Wolstencroft 
and Stokes. We agree that the debate on appropriate premedication 
will continue but feel that our stucy has contributed to current 
knowledge. We have shown that the mecidence of airway 
complications is significantly reduced in infants receiving 40 ug kg! 
oral atropine preoperatively. We have also shown that our patient 
population did not have an increased mcidence of adverse effects 
attributable to atropine administration It 1s difficult to comment 
on succinylcholine administration as this was left to individual 
anaesthetic discretion. We agree that there was no statistically 
significant difference between the two groups for arterial 
desaturation below 94% but arguz that reduction in airway 
complications may afford a greater ‘margin of safety’. We feel 
that atropine premedication continues to have an important role 
ın providing safe anaesthesia in infants. 


C. Shaw 
London 
UK 


Side-effects of alcoholic iodine solution (10%) 


Editor—We read with interest the article by Raedler and 
colleagues! and subsequent correspondence regarding contamina- 
tion of needles used during central n2ural blockade. Much of the 
correspondence related to the ideal solution for skin disinfection 
prior to needle placement. The ideal solutions suggested were 
chlorhexidine in alcohol or 10% iodine in alcohol. 

We should like to report three cases of local inflammatory 
reactions following elective Caesarean section, which are thought 
to be related to the use of alcoholic icdine solution. Three healthy 
patients presented for elective Caesarean section, none gave any 
history of allergy to iodine. The operetions were carried out under 
spinal anaesthesia by two different anaesthetists The usual skin 
preparation m our unit is aqueous iodine solution, but these 
patients were all prepared with alcoholic iodine solution (10%). 
All three patients subsequently developed superficial painful 
inflammatory reactions (including in one patient, blisters) on their 
buttocks where the iodine solution hed run down their backs. To 
the best of our knowledge, the diatkermy plates were correctly 
applied to their thighs. We have no explanation for the occurrence 
of these injures other than a local concentration effect of pooled 
alcoholic iodine, perhaps exacerbateé by heat and the occlusive 
effects of drapes and the rubber mattress of the operating table. 
Following these events, we discovered that similar problems had 
occurred in the unit some years earlier which had led to the 
introduction of aqueous iodine for skin preparation. 

We would therefore urge caution in the widespread adoption of 
alcoholic iodine in skin preparation for regional techniques prior 
to Caesarean section. We recommend careful drying of patients’ 
backs and buttocks before positioning on the operating table. 


R. J. Chilvers 

M. T. Weisz 

Department of Anaesthesia 
Peterborough Hospitals NHS Trust 
Peterborough 

UK 


1 Raedler C, Lass Flori C, Puhringer F, et al. Bactertal contamination of 
needles used for spinal and epidural anaesthesra. Br J Anaesth 1999; 
83: 657-8 
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Paediatric Intensive Care 


Editor—Bennett’s! review of Paediatric -Intensive Care was 
interesting to read. The article provides an overview of the 
pathophysiology of meningococcal disease (MD) and its clinical 
manifestations. We would like to emphasize some aspects of the 
early management of this disease, which are likely to ınvolve 
anaesthetist trainees. Trainees may not have encountered this 
patient group before and may not be familar with publications on 
their management, as they are predominantly in paediatric journals. 

At St Mary’s Hospital, London, 425 critically ill children with 
MD were referred to the paediatric intensive care unit from 72 
hospitals in the south east of England between June 1992 and 
September 1998. An algorithm has been developed for the early 
management of these patients from personal experience and 
practice.” 

MD has a wide spectrum and may present either as meningitis, 
septicaemia or both. Early management of these cases is often 
carried out in district general hospitals, where anaesthetists are 
called upon for resuscitation, especially airway control, artificial 
ventilation and vascular access. Trainee anaesthetists faced with 
this challenging emergency need to be aware of the nature of the 
disease and the key resuscitation issues. Depending on whether 
septicaemia or meningitis predominates, the major clinical 
management problem will be either shock or raised intracranial 
pressure respectively; or in some cases both. 

Few other diseases are as rapidly progressing as meningococcal 
septicaemia (MS), which has mortality of nearly 50%. Early 
recognition, aggressive resuscitation, specialist advice and transfer 
to a tertiary centre with paediatric intensive care have been shown 
to significantly reduce mortality ın the paediatric population. There 
has noz been such a decrease in mortality in the adult population. 

Recognizing early features of compensated shock (tachycardia, 
cool peripheries, tachypnoea, confusion, poor urine output and 
increased capillary refill time) is the factor which determines 
outcome in this group of patients. Hypotension is a late and 
usually pre-morbid sign of shock in children. Treatment of shock 
involves careful attention to the ABC of resuscitation and early 
administration of oxygen. Intra-osseous access may be required 
in some infants with difficult peripheral cannulation. Fluid 
resuscitation with colloids, (we use 4.5% HAS), in 20 ml kg! 
boluses, should be promptly instituted in the face of early, 
compensated shock. Generalized capillary leak in MS may 
necessitate large amounts of fluid and if signs of shock persist, 
inotropic support may also be required. Dopamine and dobutamine 
infusions can be prepared as dilute solutions of 3 mg kg in 
50 ml crystalloid, and safely started via peripheral vascular access. 

If signs of shock persist after 40 ml kg! fluid resuscitation, 
risk of pulmonary oedema is increased and we advocate early, 
elective intubation, using a rapid sequence induction (RSI) 


consisting of atropine, thiopental and succinylcholine. A cuffed 
endotracheal tube, where possible, facilitates the management of 
pulmonary oedema and is preferred Volume resuscitation and 
inotropic support, where indicated, should be continued before, 
during and after intubation. Boluses of colloid and inotropes must 
be drawn up for use if necessary during induction. Morphine or 
fentanyl and midazolam boluses may be used for adequate sedation 
and analgesia. In severe shock, epinephrine and norepinephrine 
may be required centrally. During volume resuscitation, regular 
review to assess adequacy of fluid replacement 1s mandatory and 
hourly urinary output monitoring serves as a sensitive marker for 
end-organ perfusion. A variety of metabolic, biochemical and 
haematological derangements may also occur which can contribute 
to myocardial depression and worsen shock. Hypoglycaemuia, 
hypocalcaemia, hypokalaemia, metabolic acidosis, coagulopathy 
and anaemia must be anticipated, monitored (hourly) and corrected. 
If arterial pH is less than 7.2, bicarbonate should be infused. 

Death in meningococcal meningitis (MM) is mainly due to 
raised intracranial pressure and children should be monitored for 
this complication. Coexistent shock, which may be seen in 40% 
of cases, must be treated as a priority. Management of raised 
intracranial pressure involves the principles of neurointensive care. 
Elevation of the head-end of the bed to 30° with the head 
midline; early, elective and controlled intubation following RSI, 
normocapnoea; minimal handling; and adequate sedation are the 
key principles. Seizures must be treated according to the APLS 
guidelines. An acute rise ın intracranial pressure should be treated 
with mannitol 0.25 g kg! followed by frusemide 1 mg kg™! and 
repeated if necessary. Internal jugular venous cannulation must be 
avoided. Lumbar puncture is strictly contraindicated in these 
patients. 

Until the arrival of the retrieval team and transfer to a tertiary 
centre, anaesthetists play a significant role in influencing the early 
management and the outcome of these children. In our experience, 
a proportion of patients are suffering significant critical events 
secondary to mappropriate management. Protocols such as the 
one we outline provide uniform management guidelines for the 
multidisciplinary team caring for children with such complex and 
rapidly progressive disease, and aim to reduce regional vanations 
in early morbidity. 


A. Cooney 

N. Mehta 

Departments of Paediatrics and Anaesthesia 
St Mary’s Hospital 

Paddington 

London, UK 


| Bennett NR. Paedratric Intensive care. Br J Anaesth 1999; 83 139-56 
2 Pollard AJ, Britto J, et af Emergency management of meningococcal 
disease. Arch Dis Child 1999; 90: 290-4 
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Nunn's Applied Respiratory Physiology, 5th Edn. A. B. Lumb. 
Published by Butterworth Heinemann, Oxford. Pp. 687; indexed; 
illustrated. Price £59.00 ISBN 0750631074 


This text represents the fifth edition of this book. The previous 
editions were written and edited solely by Dr Nunn who has 
now handed the helm to Dr Lumb; the last of the research 
fellows in the Medical Research Council Division of Anaesthesia 
prior to Dr Nunn’s retirement. Has the new broom swept clean 
or has a more traditional approach repackaged one of the best 
known and possibly most widely used text books emanating 
from British anaesthetic practice? 

The aim of Dr Lumb, as outlined in the preface, was to 
provide the reader with the scientific background to allow a 
greater understanding of the problems of clinical practice. The 
book covers virtually every topic associated with the respiratory 
system in some degree. This means that anybody reading the 
book who is interested in looking further mto a certain area 
will find some direction and guidance. As always, the book 
provides easy reading. 

Previous editions of the book contained a number of short 
chapters giving basic information. These chapters were short 
and didactic, reflecting the fact that each was from a separate 
lecture given to students of medicine and anaesthesia. As might 
be anticipated, the illustrative diagrams used for these lectures 
were simply put together on a blackboard with chalk; reflected 
in the line diagrams of the text. This approach has not been 
modified by Dr Lumb. This is unfortunate as some of the 
diagrams are from publications 30 years ago and may have 
benefited from a more up to date explanation based on newer 
theories and concepts. In contrast, Dr Lumb has taken the 
opportunity to address certain of the criticisms’ of earlier editions 
to reorganize topics in various chapters so that the flow appears 
more logical. For example, previously separate chapters on 
pulmonary embolism and oedema have been amalgamated to 
be discussed in a chapter on pulmonary vascular disease. 

The updating of each of the chapters and sections is patchy 
The chapter on aspects of ventilatory control and respiratory 
mechanics now includes an excellently illustrated section dealing 
with changes in position of the tongue during the induction of 
anaesthesia. There are also a number of illustrative examples 
of the separation of ventilation into nb cage and diaphragmatic 
components in various positions, with and without anaesthesia. 
This reflects the interest which Dr Lumb and his colleagues 
had at the time they were working with Dr Nunn. Despite this 
interest, this section also includes references to the effects of 
loading of breathing based on data from 40 years ago. Data 
which has been brought up to date by studies from other groups. 

In contrast to the expanded sections dealing with arway 
mechanics, the sections dealing with inflammatory lung disease 
such as acute respiratory failure have been more superficially 
modified. On this topic it is unfortunate that Dr Lumb has 
fallen into the same trap as other authors and included a 
scheme to try to explain the inflammatory process based on 
novel molecular mechanisms. It is unfortunate that a more 
thorough review of the literature would show that very few, if 
any, of the mechanisms described has relevance to the pulmonary, 
as opposed to the systemic, circulation. 

The description of molecular inflammatory mechanisms to 
the detriment of pathophysiology and therapy 1s also apparent 
in the section dealing with asthma. The half page allocated to 
principles of treatment of asthma follows a three page discourse 
on potential molecular mechanisms. This leads to more modern 


theories to explain arway collapse during expiration, such as 
wave speed theory and laminar and turbulent flows, not being 
fully explored There is also no discussion within the book of 
the potentially life saving use of less dense gas inhalation with 
helium in patients with obstructed airways. 

The desire to modify the text, but not quite getting the full 
message home, is also illustrated in the section dealing with a 
variety of the more novel forms of pattern of ventilation, such 
as airway pressure release ventilation and pressure support/ 
controlled ventilation. The physiological rationale for developing 
and performing these specific manoeuvres is limited. For 
example, the section discussing pressure controlled ventilation 
explains well the physical and mathematical mechanism(s) of 
effects on ventilation. However, in an earlier chapter, Dr Lumb 
suggests that this pattern of ventilation may fail to provide 
adequate alveolar ventilation. There is no explanation in the 
text for the pathophysiology of this lack of benefit and the 
reader 1s therefore left a little high and dry as to what might 
be a physiological basis for reduced alveolar ventilation using 
these patterns of mechanical ventilation. 

Altogether, the author and publishers have provided a book 
which is well illustrated and laid out. I particularly hked the 
use of references at the end of each chapter rather than the 
total reference pooled at the end of the book. The criticisms 
outlined above are relatively minor and will surely be ironed 
out in future editions. In today’s environment the book represents 
extremely good value for money. As with the four previous 
editions, I anticipate this version is destined for success and a 
place on the book shelf of departments of anaesthesia around 
the globe. 

D. Royston 


Conscious Sedation International Anesthesiology Clinics, 
Volume 37, Number 4, Fall 1999. L. Gilbertson (ed.). Published 
by Lippincott Wilhams and Wilkins, Philadelphia. Pp. 133; 
indexed; illustrated. Price £31.00. 


The provision of adequate standards of safety, quality control 
and assurance during conscious sedation in chnics and 
departments away from traditional operating theatre 
environments, is one of the most challenging and controversial 
problems in current therapeutics. This volume outlines the 
various regulatory bodies and professional associations concerned 
with conscious sedation in the USA, notably the Joint 
Commission on Accreditation of Healthcare Organizations 
(JCAHO) and The American Academy of Pediatrics (APP). In 
the preface it is indicated that the JCAHO have identified a 
core responsibility for anesthesiologists ın the implementation 
of conscious sedation by non-anesthetic providers. In the late 
1980s it stated that the standards of care required for anaesthesia 
should also apply to sedation. More recently, in 1994, it 
required healthcare institutions to unplement a single policy for 
Intravenous Conscious Sedation (TVCS) throughout their services 
and in 1997 this was expanded to include all sedatives and 
analgesics whatever the route of administration. This multiauthor 
volume outlines their experience and requirements in establishing 
a conscious sedation programme at the Brigham and Women’s 
Hospital in Boston, Massachusetts in response to 
recommendations of the JCAHO. For example, Table 1, Chapter 
1 summarizes hospital accreditation standards for anaesthesia 
to conscious sedation recommended by the JCAHO and the 
response of the Boston group to each requirement. It does not 
provide a prescriptive account of the administration of sedative 
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drugs. However, the pharmacology sections describing the 
principle features of drugs used in conscious sedation are 
focused, succinct and relevant. There are excellent standard 
chapters on pre-operative assessment and patient selection, 
perioperative monitoring and management including 
complications. Of necessity, the sections on sedation in intensive 
care 1s constrained but nonetheless ıt includes the basic essentials 
of this subject. The final chapter on sedation in special situations 
1s also brief but completes the settings in which IVCS 1s 
practised. This volume of the journal is concerned pmmarily 
with. the implementation of policies and training programmes, 
the maintenance of competency of physicians and nurse monitors; 
and improved strategies for the provision of quality control and 
assurance, together with audit. Although it is packed full of 
information it is well crafted and easy to read. One cniticism 
18 the use of the Ramsay sedation score, albeit in the intensive 
care setting (Hurford WE, pg 113), since it includes deep 
sedation which current opinion would regard as undesirable 
during general therapeutic interventions as it is indistinguishable 
from light anaesthesia. 

Two of the more interesting chapters concerned with education 
and the role of non-medical personnel in this field were written 
by highly experienced nurses involved in the care of patients 
receiving anaesthetic, sedative and analgesic drugs. All those 
currently involved in revalidation in anaesthesia and sedation 
would benefit from perusal of this material, notably the section 
on competence versus competency validation (Robins, Elame 
V, pg 64). 

Finally, this is a major contribution to the literature in the 
increasingly important field of conscious sedation which, because 
of the large number of patients involved, could become 
increasingly litigious with high awards for brain damage and 
death. It provides guidelines for legislators, hospital and clinical 
managers and practitioners alike and should be available for 
anyone involved ın this subject. 

J. G. Whitwam 


Anaesthesia for Obstetrics and Gynaecology. R. Russell (editor). 
Published by BMJ, London. Pp. 369; index; illustrated. Price 
£35 00. ISBN 0727912763 


Anaesthesia for Obstetrics and Gynaecology is one of the titles 
in a series produced by the BMJ under the banner ‘Fundamentals 
of Anaesthesia and Acute Medicine’. The senes aims to review 
principal clinical topics, emphasizing recent developments and 
contreversial issues, in order to prepare trainees for degrees 
and diplomas in anaesthesia It 1s not a comprehensive text but 
of the nine chapters one involves anaesthesia for gynaecological 
surgery by Kym Osbom and Scott Summons. The editor, Robin 
Russell, has selected clinical anaesthetists from either the United 
Kingdom or Australia. The clinical science background for the 
book perhaps reflects this basis, for example, in the use of old 
nomenclature for opioid receptors and drugs (lidocaine). The 
format of the book 1s vaned with bullet points, tables and flow 
diagrams interspersed with pages of text. The headings are 
clear although structural organization must at tumes have been 
difficult and occasional repetition of topics such as laparoscopy 
and thromboembolic prophylaxis has been inevitable 

As an edited book specializing in anaesthesia for women, it 
is unfortunate that the front cover depicts a pregnant woman 
as a spimalized preparation, i.e. without a brain! Is this the 
image anaesthetists wish to present to others of their management 
of women? Women are known to differ from men, for example 
in pain responses, and the opportunity to explore these gender 
issues has been missed. 

The twin chapters on pam relief in labour, one by Mark 
Scrution on non-regional aspects, and the other by Michael 


Paech based on regional techniques, are comprehensive and 
adequate for trainees A wide range of clinical topics are 
introduced and well referenced. the mother with systemic 
infection, breastfeeding, instrumental delivery dates, consent, 
continuous spinal analgesia and paravertebral block, as well as 
the choice of epidural and combined spinal epidural 

An expert in airway management, Richard Vanner, has written 
the chapter on general anaesthesia in obstetrics. A failed 
intubation drill ıs presented as a simple flow diagram and 
although not stressed, the msk of total spinal anaesthesia 
following epidural anaesthesia is bnefly mentioned for women 
with a known difficult airway. 

Pre-eclampsia ıs discussed both in the chapter on medical 
emergencies by Caroline Grange and m the patient with 
coexisting disease by Phillipa Groves and Michael Avidan. So- 
called medical emergencies include fetal distress and this section 
is well worth reading. It includes many useful tables and ideas, 
some of which are debatable, such as definition of urgency of 
Caesarean section, which is not referenced. Aspects of critical 
care are incorporated into the management of selected 
emergencies but without indexing. The concept of obesity as a 
coexisting disease with medical risks 1s pertinent. Although 
necessarily brief, the anaesthetic complications described in 
association with obesity relate to a significant proportion of the 
obstetric population. 

Another welcome section is that of anaesthesia for non- 
obstetric surgery that is included in the chapter on maternal 
changes in pregnancy by James Eldndge. Information for 
women in this field of anaesthesia is not easily obtained and 
ın this chapter the risk/benefit analysis 1s ably discussed The 
most common operation during pregnancy with fetal survival 
1s cervical cerclage to repair an incompetent cervix Somehow 
it slips into this part of the text. 

The chapter on the effects of anaesthesia and analgesia on 
the baby by Jackie Porter begins with methods of fetal 
assessment and covers all types of analgesic and adjuvant drugs 
used. There 1s a long section on drugs and breast-feeding, 
which is appropriate in the present climate of patient enquiry. 
Robin Russell continues this focus on postnatal care in a 
chapter on postnatal assessment. Basic outcome data should 
support audit and risk assessment and methods to do this are 
examined. 

This is a book for an up to date review of analgesia and 
anaesthesia for obstetrics. In future, the basis for the wider 
remit of disorders of the reproductive system in women should 
be considered and the scientific basis developed for anaesthetists 
to relate to other professional groups working with women. 

Anita Holdcroft 


The Association of Anaesthetists of Great Britain and Ireland 
1932-1992 and the Development of the Specialty of Anaesthesia 
Sixty Years of Progress in the Context of Scientific, Political 
and Social Change. Thomas B. Boulton. Published by Association 
of Anaesthetists of Great Britain and Ireland, London Pp. 785; 
indexed; illustrated. Price £30.00. ISBN 0953663906 


The Association of Anaesthetists of Great Britain and Ireland 
was founded in 1932. This book tells its story over 65 years, 
to 1997. It ıs mainly the work of Dr T. B Boulton, a past 
President (1984-86) and former Editor of Anaesthesia, the 
Association’s journal. 1993-1997 is described by a former Vice 
President, Dr Anna-Mana Rollin. Tom Boulton ıs well suited 
to his role through prolonged involvement with and obvious 
love for the subject, He set himself, and achieved, a gargantuan 
task, departing frequently from his main discourse to provide 
accounts of medical and medico-political progress 
contemporaneous with developments in anaesthesia, brief 
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biographies and anecdotes about some of the more colourful 
or dramatic personalities, and personal commentary from tıme 
to time. (There is a hint amongst the acknowledgements that 
some of the personal commentary may have been attenuated 
by friends!) For future researchers there are five appendices 
and 2002 references. 

It is those who have been closest to the Association, as 
officers, members of committees, or beneficiaries, who will find 
the greatest interest in the book. The emphasis is, at least in 
part, hegemonical. But I believe there is much of interest to 
the general (anaesthetist) reader, especially in the first six 
chapters. These tell of the evolution of anaesthetic practice in 
the Association’s years before the National Health Service, and 
the major influence of the Second World War on the specialty. 
From uncertain beginnings, mainly at the hands of General 
Practitioners, an increasingly secure and clearly defined group 
of tramed medical specialists emerges. The arrival of the NHS, 
in 1948, gave them enormous opportunities for improvement 
of skills and methods, developing sub-specialties of anaesthesia 
in obstetrics, neurosurgery and cardiac surgery ~ all of which 
combined to benefit the patient, not least by allowing surgical 
interventions which had not been possible hitherto. The 
contribution to all this by key figures acting for or with the 
Association 18 beautifully described. Even today, the events of 
these times set the specialty on a plane that is still the envy 
of the world. 

At the outset, the purpose of the Association was to ‘deal 
with the problems of the organisation of this branch of 
medicine’, Not unreasonably, this centred on professional status 
and remuneration. The Association does not deal directly with 
governments or hospital authorities in the matter of terms and 
conditions of service. That 1s the role of the British Medical 
Association (BMA). The Association, ın common with similar 
specialist bodies in medicine, has developed and maintained a 
close relationship with the BMA. It is notable, however, that 
the BMA was not always conciliatory in response Some of 
the greater political achievements of the Association (in some 
aspects of salary and the demands in respect of the consultant 
grade in the new (1948) NHS) came from either bypassing the 
BMA or the patronage of more established bodies such as The 
Royal College of Surgeons of England. The development of 
the examination for the Diploma in Anaesthetics, in 1935, and 
convincing the General Medical Council of the need for better 
teaching for undergraduates are two important early credits for 
the Association. 

Throughout its 65 years, the Association spent what some 
might regard as a disproportionate effort on the perceived 
inadequacies of dental anaesthetic fees, a problem that was 
never satisfactorily resolved for reasons that a student of 
elementary economics could have explained. Happily for the 
Association, they at least kept up with the best of the 
organizations that would claim to have addressed the safety of 
general anaesthesia for the dental chair, but patients still lose 
their lives. 

The vexed question of the disparity between anaesthetic and 
surgical fees in the euphemistically-called independent sector 
of practice continues, although the rules of engagement and 
the arguments have changed. 

In the modern setting, the Association has many facets to 
its activity which its founders would find strange, reflecting 
new dimensions in international exchange, audit (in which the 
Association was an early participant), special interest groups, 
education, guidelines, safety of practice, and counselling of sick 
doctors practising the specialty. Many of the considerations 
affecting modem anaesthetic practice extend across the remuts 
of both the Association and The Royal College of Anaesthetists. 
The Association was, of course, the original petitioning body 


that caused The Royal College of Surgeons of England to set 
up the Faculty of Anaesthetists, in 1948, which ın turn led to 
The Royal College of Anaesthetists of today. It is a matter of 
opinion, of course, but the strategies of some anaesthetists, in 
the 1970s and 1980s, purporting to reflect the feelings of the 
Association's Council of that time, caused enormous 11l-feeling 
amongst leading and influential surgeons and at least some of 
the leaders of the specialty of anaesthesia. I am sorry this book 
does not make that clear. Had it done so, the mystery of the 
‘misgivings of some of the more conservative members (of the 
Faculty)’ could cease to be a mystery: our profession was at 
risk of being split, possibly irrevocably. Happily, today, the 
College and the Association are collaborating amicably. 

The entire specialty has cause to be grateful to Tom Boulton 
for collating such a wealth of material in a book which, against 
modern publishing standards, ıs a most handsome production. 

Alastair A. Spence 


Perioperative Medicine: Managing Surgical Patents with 
Medical Problems. A. Nicholls and I. Wilson (editors) Published 
by Oxford University Press, Oxford. Pp. 384; indexed. Price 
£19.95. ISBN 0-19-202975-1. 


Occasionally a book comes along that you only wish you had 
possessed at an earlier pomt in your career. Medical house 
officers are well catered for with the Oxford Handbook of 
Clinical Medicine, but there has not, until now, been a 
comparable stalwart for the surgical house officer. This httle 
book 1s tailor made for all such nervous house officers, as well 
as their slightly more confident semor house officers (especially 
those directly involved in the perioperative care of patients). 
With its small size and splash-proof cover, it is well designed 
to withstand the rigours of day-to-day ward life. It has a 
practical, down-to-earth approach, and should scon become an 
essential part of the junior doctor’s paraphernalia. 

There are a total of 26 contributors, most of whom are 
consultant anaesthetists working in Exeter. However, a significant 
number of the authors (including one of the editors) are 
from other specialties, which gives the book a truly mult- 
disciplinary feel. 

It is divided into three parts. The first, consisting of medical 
issues in perioperative care, deals with every day issues 
such as patien: consent, postoperative nausea and vomiting, 
management of pain and the role of teamwork on the surgical 
ward. This advice tends to be precise and commits itself to 
actual figures and doses which, of course, is exactly what the 
junior doctor needs. I suspect that I was not the only house 
officer totally unsure about such problems as fluid requirements 
for postoperative patients, how many units of blood to crossmatch 
for a nephrectomy, or even how often morphine could be given. 
These are the sort of issues that junior doctors may feel 
awkward asking their busy semor colleagues about, but they 
are dealt with comprehensively in the book. However, it would 
be worth the trainee checking some of the details against local 
hospital policy. 

The next section deals with the care of surgical patients with 
chronic medical disorders, from the obvious (ischaemic heart 
disease) to the more obscure (hereditary spherocytosis). Quite 
nightly, it avoids the temptation to over-discuss the interesting 
rarities and emphasizes the common problems (the chapter on 
cardiovascular disorders being the longest in the book). Again, 
the advice is practical and realistic. 

The final section discusses medical emergencies in surgical 
patients Common problems are dealt with, such as the 
assessment and treatment of hypotension, breathlessness and 
postoperative oliguria. My main criticism of this section is that 
it may have been helpful to have made more use of algorithms 
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and to have made the ‘life or death’ chapters more obvious to 
find. However, the section is very thorough and would certainly 
help the junior doctor to initiate treatment prior to the arrival 
of help. At the end of the book, there is a chapter on 
perioperative prescribing information, which includes the sensible 
advice to consult the British National Formulary if in doubt. 
Overall, the individual chapters are short and easy to read, 
as well as being user-friendly for those who want to use them 
as a quick reference guide. Potential problem areas are clearly 
identified, with concise and to the point advice on how to 
resolve the problems. The large number of contributors results 
inevitably in a certain amount of duplication, although not as 
much as one might expect. For instance, antibiotic treatment 
for sepsis is dealt with in three separate parts of the book. 
There also seems to be a certain amount of unnecessary extra 


information in some of the chapters, which makes it difficult 
sometimes to locate the required facts. 

I feel that, as a tramee nearing the end of my specialist 
registrar rotation, this is the sort of book I wish I had had in 
my pocket 10 years ago as a junior doctor (ironically, working 
at the same hospital as many of the authors). However, I also 
feel that I would have continued to use it as I approached my 
various FRCA examinations. It will be an easy book to 
surreptitiously slip into my bag once I am a consultant, to read 
a few pages between cases and use as a teaching aid for 
trainees. It is the sort of book that, given its convenient pocket 
size, could reverse the trend away from junior doctors not 
wearing white coats on the wards. This book needs to be kept 
by the bleep of every doctor involved in the every day level 
of caring for perioperative patients. 

Jo Kerr 
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M.E.R.LT. Centre Bradford Royal Infirmary, 
Bradford, UK — One day course in Spinal 
Endoscopy 


Bradford, UK, 2000, September 15, 2000 and October 
27, 2000 


One day course with lectures, practical equipment demon- 
strations and observation of the technique in patients. Course 
material includes a comprehensive, practical guide to all 
aspects of the technique. Instrumentation is state-of-the-art, 
and it is anticipated that upon completion delegates will be 
in a position to consider setting up such a service in their 
own locality. On-going training will be offered. 

Of interest to all those involved in the management and 
investigation of patients with back pain and sciatica as well 
as those involved with central neural blocks. Numbers of 
delegates strictly limited. Lunch will be provided. 

For further information please contact: 


Dr Jonathan Richardson, MERIT Centre, Bradford Royal 
Infirmary, Bradford, BD9 6RJ. 


Tel: +44 1274 364271/364253; Fax: +44 1274 366811; 
E-mail: merit.centre @ mail.bradh-tr/northy.nhs.uk 


Edinburgh Anaesthesia Festival 
Edinburgh, August, 23-25, 2000 


Organized by the Department of Anaesthetics, Royal 
Infirmary of Edinburgh, to coincide with the 2000 Edinburgh 
International Festival of the Arts. The 3-day programme 
consists of lectures and discussion on current topics in 
anaesthesia. The lecturers are from all parts of the United 
Kingdom and represent leading opinions in their field. 


For further information: Edinburgh Anaesthesia Festival, 
University Department of Anaesthetics, Royal Infirmary, 
Lauriston Place, Edinburgh EH3 9YW. Tel: +44 131 536 
3652; Fax: +44 131 536 3672; E-mail: anaes @ed.ac.uk 


The Fifth Annual Symposium of the 
Association for Low Flow Anaesthesia 
Ulm/Neu-Ulm/Germany, September 8-9, 2000 

For further information, please contact: 

Priv. Doz, Dr Uwe Schirmer, Priv, Doz. Dr Thomas Marx, 


Department of Cardiac Anaesthesia, University of Ulm, 
Steinhévelstr. 9, D-89075 Ulm, Germany. 


Tel: +49 731 5021521; Fax: +49 731 5026757: e-mail: 
alfa2000@ gmx.net; congress homepage http://www.uni- 
ulm.de/alfa2000. 


Annual Scientific Meeting in Anaesthesiology 
2000 
Hong Kong, September 8-10, 2000 


We have great pleasure to advise you that the captioned 
Meeting will be held on 8-10 September 2000 at the 
Sheraton Hong Kong Hotel and Towers. 


Provisional Scientific Programme. Airway Workshop (Prof. 
David Chung); Regional Anatomy, Workshop for Regional 
Blocks (Prof. Phillip Bridenbaugh); Evidence Based Medi- 
cine Workshop (Dr. Florence Yap and Dr. Gavin Joynt); 
Keynote Lectures: Perioperative Medicine ~ International 
Perspective (Chairman: Dr T. W. Lee) (Prof. Phillip 
Bridenbaugh); (Prof. Mathieu Gielen); (Dr Neil MacIntyre) 


Panel Discussion: Medical Liability vs Litigation (Chair- 
man: Dr T. W. Lee) (Mr Douglas Jones and Mr Chris 
Howse). Debates (Chairman: Dr C. T. Hung) (Prof. Michael 
Irwin and Prof. Warwick Ngan Kee vs Dr Phoebe Mainland 
and Dr Eddie Cheam); ICU Workshop Weaning from 
Ventilator (Dr Neil MacIntyre). 


Keynote lectures: Perioperative Medicine—international 
Perspective Chairman: Dr T. W. Lee. The Road Ahead— 
Anaesthesiologist as Perioperative Physician (Prof. Phillip 
Bridenbaugh); Lung Protective Ventilatory Strategies (Dr 
Neil MacIntyre}; Perioperative Pain Management-—Com- 
fort, Care and Cure (Prof. Mathieu Gielen). 


Plenary session I. Test No Test? (Prof. Michael Irwin): 
Premedication—In or Out (Dr Jeffrey Kua); Perioperative 
Haemodynamic Goals (Dr Gavin Joynt). 


Plenary session II, Preemptive Analgesia: Fact or Fallacy 
(Prof. Phillip Bridenbaugh): Anaesthetic Techniques—A 
Look into the Future (Prof Tony Gin); Continuous Spinal 
Anaesthesia—Is There a Role in Anaesthesia and Postopera- 
tive Analgesia (Prof. Mathieu Gielen). 


Plenary session I. Chairman: Prof. Tom Buckley. Evalu- 
ation and Management of Postoperative Respiratory 
Insufficiency (Dr Neil MacIntyre); Acid-Base Secrets 
(Dr Ian Tan); Post-Anaesthetic Care—How Far Should We 
Go? (Dr C. T. Hung). 


Refresher Course topics include: New Analgesic Agents 
(Dr S. L. Tsui); Anaesthesia for Cerebral Aneurysm Surgery 
(Dr Sathasivam Anandaciva); Advances in Clinical 
Measurement «Dr James Derrick): Paediatric Anaesthetic 
Emergencies (Prof. Cindy Aun); Day Case Anaesthesia 
(Dr Gwen Fok); Physiology of Consciousness (Prof. 
Michael Irwin); Spinal Anaesthesia for Day Surgery (Prof. 
Mathieu Gielen); Clinical Pharmacokinetics (Prof. Tony 
Gin); Anaesthesia for High-Risk Parturients (Prof. Warwick 
Ngan Kee); Physiology of Pregnancy (Dr K. K. Lam): 
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Anaesthesia for Thoracic Aneurysms (Dr Das); and TEE 
(Dr Peter Hiong) 


For further information please contact Ms Melissa Leung 
of the Federation of Medical Societies of Hong Kong. Tel: 
(852) 2527 8898; Fax: (852) 2866 7530 


XIX Annual Congress of the European 
Society of Regional Anaesthesia Joint Annual 
Congress with EuroPain 8th European 
Conference on Pain Research 

Rome, Italy, September 20-23, 2000 

The congress will be heid in the Sheraton Hotel. 

Abstract deadline is June 1, 2000. 

For further information, please contact: 


Options Eurocongress, Ms Dionne Bosma, Rue Washington 
129, B-1050 Brussels, Belgium. 


Tel: +32 2 346 5643; Fax: +032 2 346 5435; 
E-mail: dionne @ options.com.cy 


Collaborative Conference between 
Bournemouth University and Salisbury 
Health Care NHS Trust 

Salisbury, UK, September 21, 2000 

Day Surgery Conference at Salisbury District Hospital. 


For further information please contact: Sam Williams, 
Administrative Assistant, IHCS, Bournemouth University, 
Royal London House, Christchurch Road, Bournemouth, 
BHI 3LT. Tel: +44 (0)1202 504196 


Refresher Course in Anaesthesiology 
Durban, South Africa, September 22-23, 2000 


For further information contact: Congress Office, Depart- 
ment of Anaesthesia, University of Natal, Private Bag 7, 
Congella 4013, Durban, South Africa. Tel/Fax: +27 31 
260 4472; E-mail: maliti@med.und.ac.za Website: http:// 
www.und.ac.za/med/anaesth/sasa2001.html 


Surfactant 2000 
From Trier to Basle September 23-29, 2000 


This is an international floating congress on the rivers 
Mosel and Rhine. All aspects of surfactant (basic science/ 
clinical applications) will be addressed. 

For further information, please contact: 

Dr B. Lachmann, Department of Anesthesiology, Erasmus 
University Rotterdam, Postbox 1738, 3000 DR Rotterdam, 
The Netherlands. 

Web site: http://www. floating-congress.vet.uu.nol 


13th Annual Congress of the European 
Society of Intensive Care Medicine 
Rome, Italy, October 1-4, 2000 

For further information, please contact: 


ESICM Congress Secretariat, 40 Avenue Joseph Wybran, 
B-1070 Brussels, Belgium. 


Tel: + 32 2 559 0355; Fax: +32 2 527 0062; E-mail: 
public @esicm.org; Internet http://www.esicm.org 


Dingle 2000 — Current Controversies in 
Anaesthesia and Perioperative Medicine 
Dingle, County Kerry, Ireland, October 4-8, 2000 


University College London Hospitals Centre for Anaesthesia 
announce a call for abstracts: there is an opportunity to 
submit work for poster presentation and selected finalists 
will be invited to give an oral presentation (prizes totalling 
£1000). Any research is acceptable provided it has not been 
published in any peer reviewed journal by the abstract 
deadline of 30 June 2000. 


For further abstract and meeting registration details please 
contact: 


Dr Monty Mythen, Centre for Anaesthesia, Room 103, Ist 
Floor Crosspiece, Middlesex Hospital, Mortimer Street, 
London, WIN 8AA, UK. 


Tel: +44 20 7380 9477; Fax: +44 20 7580 6423, 
E-mail: uch.acru @btinternet.com 


European Academy of Anaesthesiology 
European Diploma in Anaesthesiology and 
Intensive Care 

Part I (MCQ), October 7, 2000 


(Endorsed by the European Board of Anaesthesiolagy (EBA) 
of the Union of European Medical Specialists (UEMS) 


This examination will be held in English, French, German, 
Italian and Spanish in Athens, Barcelona, Berne, Budapest, 
Cluj-Napoca, Gottingen, Liège, Lyubjlana, London, Lund, 
Moscow, Oslo, Paris, Poznan, Riga, Rome, Tel Aviv, 
Uppsala and Vienna. 

Regulations and application forms are available from: 


Examinations Manager, European Academy of Anaesthesi- 
ology, London House, 243 Lower Mortlake Road, Rich- 
mond, Surrey TW9 2LS, UK. 

Tel: +44 (0)208 940 6240; Fax: +44 (0)208 940 6262; E- 
mail: DEAA@compuserve.com; Home page: http://eaa- 
web.eu.org 

The closing date for receipt of applications is May 31, 2000 
(fee: £170) 

Applications received after the closing date or un- 
accompanied by the full fee cannot be accepted and will 
be returned. 


Wood Library-Museum’s Quadrennial 
Laureate of the History of Anesthesia Prize 


Members of the Editorial team of the BJA are pleased to 
announce that, Dr Thomas B. Boulton (UK) and Dr Norman 
A. Bergman (USA) are to be awarded the Wood Library — 
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Museum’s quadrennial Laureate of the History of Anesthesia 
Prize at the annual meeting of the American Society of 
Anesthesiologists in October 2000, in San Francisco. 


We offer our hearty congratulations to Dr Boulton, and to 
the family of Dr Bergman, who unfortunately died recently. 


Awareness during Anesthesia—The 2000 
Anesthesiology Journal-sponsored Symposium 
at the ASA Meeting 

San Francisco, California, October 17, 2000, 9:00-12:30 


The moderators will be Alex S. Evers MD (Washington 
University, St Louis) and Richard B. Weiskopf MD (Univer- 
sity of California, San Francisco) 

Awareness during anaesthesia is a potential problem of 
concern to clinicians and the public. There are clear cases 
of patients having been unintentionally awake during anes- 
thesia and surgery and other cases for which ‘awareness’ 
was not as clearly delineated. ‘Awareness’ during anaesthe- 
sia and surgery can result in ‘post-traumatic stress 
syndrome’. 

This symposium will include invited speakers and a 
discussion session, as well as an opportunity to view 
selected abstracts. Abstracts in the following areas are 
considered appropriate for submission: 

(i) epidemiology of ‘awareness’ during anaesthesia, 

(ii) monitoring of depth of anaesthesia, 

(iii) prevention of awareness during anaesthesia, 

(iv) treatment of syndromes resulting from awareness during 
anaesthesia. 


Abstracts should be submitted via the regular Annual 
Meeting procedures by April 1, 2000. Online submission is 
available. Abstracts requesting consideration for presenta- 
tion at this symposium will undergo an additional review 
in addition to the standard ASA abstract review process. If 
you would specifically like your abstract considered for 
inclusion in the symposium, please check the special box 
that can be found on the cover letter/form which must 
accompany your submission. If you need abstract submis- 
sion materials, please contact the American Society of 
Anesthesiologists: 

American Society of Anesthesiologists, 520 N. Northwest 
Highway, Park Ridge, IL 60068-2573, USA. 

Tel: +1 847 825 5586; Fax: +1 847 825 1692; 
E-mail: mail@ASAhq.org Web site: http://www.asahq.org 


Haemostasis and Transfusion—Perioperative 
Management in Elderly Patients 

Graz, Austria, October 27 and 28, 2000 

This symposium has been organized by the Department of 
Anaesthesiology and Intensive Care Medicine, University 
of Graz and Department of Anaesthesiology, University 
of Munich. 


The preliminary programme includes: haemostasis and 


transfusion, and perioperative management in elderly 
patients. 

For further information contact: M. Neuray/G, Taucher, 
Department of Anaesthesiology and Intensive Care Medi- 
cine, LKH-Universitatskinikum Graz, Auenbruggerplatz 29, 
A-8036 Graz, Austria. Tel: +43 316 385 3027; Fax: 
+43 316 385 4664; E-mail: haemostasis @kfunigraz.ac.at. 
www.kfunigraz.ac.at/uanwww/haemostasis.htm 


St Bartholomew’s Hospital Choral Society 
Royal Albert Hall, London, UK, November 21, 2000 

St Bartholomew’s Hospital Choral Society celebrates the 
millennium and their 35th anniversary with the Royal 
Medical Benevolent Fund as their chosen Charity for their 
season 2000/2001. 

Mahler’s Symphony No. 8 ‘Symphony of a Thousand’ with 
the Royal PhiJharmonic Orchestra, Royal Albert Hall, 21 
November 2000. 


It needs a really big choir, splendid orchestra, fine soloists 
and conductor. Six hundred singers are needed for this 
monumental work. 


To participate contact the Barts Choir Honorary Secretary 
on: 

Tel: +44 1628 664157. 

Or to support, details available from: 

The Royal Medical Benevolent Fund, 24 King’s Road, 
Wimbledon, London SW19 8QN. 


Tel: +44 20 8540 9194; Fax: +44 20 8542 0494; 
E-mail: rm.bf@virgin.net 


1ith Congress, Western Pacific Association of 
Critical Care Medicine 

Singapore November 29—December 3, 2000 

This meeting will take place at the Westin Stamford and 
Westin Plaza, Singapore and is organized by the Society of 
Intensive Care Medicine (Singapore). 

For further information, please contact: 

lith WPACCM Congress Secretariat, Academy of Medi- 
cine, Singapore College of Medicine, Building 16, College 
Road, #01-01, Singapore 169854. 

Fax: +65 225 5155; E-mail: monicaw @pacific.net.sg 


5th International Conference on Memory, 
Awareness and Consciousness — 
Pharmacology and Impact on Surgical and 
Critically Ill Patients 

New York City, USA, Jane 1-3, 2001 

This conference builds on the tradition of the previous 
Memory and Awareness in Anesthesia Conferences, and 
will focus on the following topics: measurement and mon- 
itoring of memory function, awareness and consciousness; 
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interaction of anesthetic and sedative drugs with the mechan- 
isms of consciousness, awareness and memory processes; 
consequences and treatment of unwanted awareness or 
memory function during surgery or critical care; impact 
of surgery, anesthesia and critical care on cognitive and 
psychological processes; neuroimaging and mapping of 
consciousness, memory, awareness and pharmacologic 
effects on them in the CNS. 

Deadline for abstracts: December 10, 2000. 


For further information contact us via e-mail at 
mac@mskcc.org or visit our web site www.maacc.org or 
by mail: Ruth Reinsel, PhD, Dept of Anesthesiology/CCM, 
Memorial Sloan Kettering Cancer Center, 1275 York Ave., 
New York, NY 10021, USA. 


Tel: +1 212 639 6038; Fax: +1 212 772 8646. 


19th Annual Symposium Clinical Update in 
Anesthesiology and Advances in Techniques 
of Cardiopulmonary Bypass with 
International Faculty and Industrial Exhibits 
San Juan, Puerto Rico, January 13-20, 2001 


Free Papers will be accepted for oral and poster presentation 
in four categories: (1) monitoring; (ii) new pharmacological 
agents; (iii) interesting case reports; (iv) cardiopulmonary 
bypass technology. Abstracts forms are available upon 
request. The deadline for submission is November 1, 2000. 
Tuition will not be waived. Brochure available in June 2000. 


For information and abstract forms contact: Helen Phillips, 
Box 1010, Mt. Sinai Medical Center, One Gustave L. Levy 
Place, New York, NY 10029-6574, USA. 


Tel: +1 212 241 7630; Fax: +1 212 426 2009; E-mail: 
helen_phillips @ smtplink.mssm.edu 


ESRA 4th Workshop ‘Neural Blockades on 
Cadavers’ 

(European Society of Regional Anaesthesia) 
Innsbruk, Austria, February 22-24, 2001 

For further information on the congress, please contact: 


Options Eurocongress, Ms Dionne Bosma, Rue Washington 
129, B-1050 Brussels, Belgium. 


Tel: +32 2 346 53 O1; Fax: +32 2 346 36 37; E-mail: 
dionne @options.com.cy 


ESA 8th Annual Congress 
(European Society of Anaesthesiologists) 
Gothenburg, Sweden, April 10, 2001 


Abstracts deadline: December 1, 2000 
For further information on the congress, please contact: 


Options Eurocongress, Ms Dionne Bosma, Rue Washington 
129, B-1050 Brussels, Belgium. 


Tel: +32 2 346 53 01; Fax: +32 2 346 36 37; E-mail: 
dionne @ options.com.cy 


16th Annual Meeting of the European 
Association of Cardiothoracic 
Anaesthesiologists (EACTA) 

Weimar, Germany, May 16-19, 2001 

For further information please contact: 


Anita Akabogy, Congress Department, MCN Medizinische 
Congress-organisation Nürnberg AG, Zerzabelshofstrasse 
29, 90478 Nuernberg, Germany. 


Tel: +49 911 393 16 10; Fax: +49 911 393 16 55, E-mail: 
akabogu@men-nuernberg.de; www: http://www. men- 
nuernberg.de 


German Congress of Anaesthesiology 2001 
(DAK 2001) 
Messezentrum Nürnberg, June 13-16, 2001 


International Symposium on 
Anaesthesiological and Surgical Perspectives 
of Ambulatory Surgery in the New 
Millennium 

Stockholm, Sweden, August 30 — September 1, 2001 
For further information on the congress, please contact: 


Options Eurocongress, Ms Dionne Bosma, Rue Washington 
129, B-1050 Brussels, Belgium. 


Tel: +32 2 346 53 01; Fax: +32 2 346 36 37; E-mail: 
dionne @options.com.cy 


ESRA XX Annual Congress 


(European Society of Regional Anaesthesia) 
Joint Annual Congress with EuroPain 9 European Con- 
ference on Pain Research 


Warsaw, Poland, September 19-22, 2001 
Abstracts deadline: May 15, 2001 
For further information on the congress, please contact: 


Options Eurocongress, Ms Dionne Bosma, Rue Washington 
129, B-1050 Brussels, Belgium. 


Tel: +32 2 346 53 01; Fax: +32 2 346 36 37; E-mail: 
dionne @ options.com.cy 


Second All Africa Anaesthesia Congress in 
conjunction with the National Congress of 
the South African Society of 
Anaesthesiologists 

Durban, South Africa, September 23-27, 2001 


For further information contact: Congress Office, Depart- 
ment of Anaesthesia, University of Natal, Private Bag 7, 
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Congella 4013, Durban, South Africa. Tel/Fax: +27 31 
260 4472; E-mail: maliti@med.und.ac.za Website: http:// 
www.und.ac.za/med/anaesth/sasa2001.html 


8th World Congress of Intensive and Critical 
Care Medicine 

Sydney, Australia, October 28-November 1, 2001 

For further information please contact: 


Congress Secretariat, 8th World Congress of Intensive and 
Critical Care Medicine, GPO Box 2609, Sydney, NSW 
2001, Australia. 

Tel: +61 2 9241 1478; Fax: +61 2 9251 3552; e-mail: 
iccm@iccmsaust.com.au; website: www.iccm.aust.com 


First World Congress on Regional 
Anaesthesia and Pain Therapy 

Barcelona, Spain, June 5-8, 2002 

For further information on the congress, please contact: 


Options Eurocongress, Ms Dionne Bosma, Rue Washington 
129, B-1050 Brussels, Belgium. 


Tel: +32 2 346 53 O1; Fax: +32 2 346 36 37; E-mail: 
dionne @ options.com.cy 


8th International Congress of Cardiothoracic 
and Vascular Anesthesia 

19th International Congress of the Israel 
Society of Anesthesiologists 

Jerusalem, Israel, November 10-13, 2002 

For further information regarding the Congress, please 
contact: 

Sth International Congress of Cardiothoracic and Vascular 
Anesthesia, PO Box 50006, Tel Aviv 61500, Israel 

Tel: +972 3 5140000; Fax: +972 3 5140077; E-mail: 
anesth2002 @kenes.com 

Web address: http://www.isranest.org.il/congress 2002 


German Congress of Anaesthesiology 2002 
(DAK 2002) 
Messezentrum Nürnberg, June 26-29, 2002 


German Congress of Anaesthesiology 2003 
(DAK 2003) 

Messezentrum Nürnberg, June 18-21, 2003 

For further information, please contact: 


Medizinisch Congressorganization Nürnberg AG. 
Tel: +49 911 393160; Fax: +49 911 331204 
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enter your e-mai address to register for this free service. 


stay ahead of the field 


Make sure you’re among the first to read the very latest research and review papers. 


www.anaesthesiaupdates.com 
In association with Club Med Corporate 


















save time 


You can browse the table of contents, and then visit the web site to read the abstracts of any 
papers which catch your interest, all without leaving your desk! 


keep informed 
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The Journal of Anesthesia is the official journal of the Japan 
Society of Anesthesiology. This journal publishes original 
articles, clinical reports, short communications, review 
articles, and letters to the editor. The editors welcome the 
submission of manuscripts devoted to anesthesia and 
related topics from any country of the world. Membership 
in the Society is not a prerequisite. 


Guide for Authors can be found at: 
http://link.springer.de/link/service/journals/00540/ 


Manuscripts for publication and 

all correspondence should be sent to: 

Editorial Board, Journal of Anesthesia, 

c/o Springer-Verlag Tokyo 

3-3-13 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan. 


Subscription Information 
Volume 14 (4 issues) to appear in 2000 


Annual subscription rate: US$188.00 plus postage and 
handling. Subscriptions are entered with prepayment only, 
begin with the first issue in the volume and are fulfilled as 
issues are published. Customers in Canada please add 7% 
GST to subscription price, then add postage and handling 
(Springer-Verlag's GST registration number is 123394918). 
Customers in Vermont and Texas please add applicable 
sales tax. Please mail order and payment to: Springer-Verlag 
New York, Inc., Journal Fulfillment Services Dept., P.O. Box 
2485, Secaucus, NJ 07096-2485, U.S.A., 
Tel.1-800-SPRINGER in U.S. Fax (201) 348-4505. 

e-mail: orders@springer-ny.com. 


Springer-Verlag Tokyo 

3-3-13 Hongo, Bunkyo-ku, Tokyo 113-0033 Japan 
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Editorial I 


Metabolic support of critically ill patients: parenteral nutrition to immunonutrition 


The adaptive metabolic changes that occur during starvation 
were described in detail over 30 years ago and are an 
excellent example of an integrated physiological response 
that conserves body protein and maintains normoglycae- 
mia.' Critically ill patients are often malnourished and then 
starved for several days whilst undergoing the hormonal, 
metabolic and inflammatory changes that are commonly 
referred to as the ‘stress response’.” It seems intuitively 
obvious, therefore, that feeding these patients during the 
gross catabolic phase of their illness should be beneficial. 
For many years, the best route for nutritional support was 
not clear and it is only in the past decade that there has been 
general agreement that enteral feeding is the method of 
choice.? However, some patients do not tolerate enteral 
feeding or do not obtain sufficient intake orally or enterally 
to meet their nutritional needs. Total parenteral nutrition 
(TPN) may be used in these patients either as a supplemen- 
tary feed or as the only source of nutrition. Evidence to 
support the beneficial effects of TPN in critically ill patients 
has been lacking despite studies going back to the 1970s. A 
meta-analysis of studies of parenteral nutrition up to 1986 
found only 11 trials that were randomized or quasi- 
randomized, and concluded that perioperative TPN was 
not justified in unselected major surgery.* A further meta- 
analysis of TPN was published in 1998 by Heyland and 
colleagues with the objective of examining the relationship 
between TPN and mortality and complication rates in the 
critically ill. 

The authors initially identified 153 citations from a 
bibliographic search for the years 1980-1998, and a further 
57 articles were found from a review of reference lists and 
personal files. They examined only studies that evaluated 
the use of supplementary TPN in patients already receiving 
enteral feeds or studies of TPN in patients who were 
otherwise receiving standard care of oral food and i.v. 
glucose. Studies comparing TPN with enteral feeding or 
other forms of TPN were excluded. Only 26 randomized 
trials involving 2211 patients were suitable for evaluating 
TPN under these conditions. 

The primary outcome was perioperative mortality and the 
secondary outcome was the rate of major complications. 
The investigators carefully defined major complications and 


differentiated them from minor complications, such as 
wound infection, atelectasis, urinary tract infection and 
phlebitis. Data on the duration of hospital stay were not 
aggregated into the analysis because of the variable and 
infrequent reporting methods. We have previously drawn 
attention to the problems inherent in attempting to use 
length of hospital stay as a measure of outcome.® To try to 
explain the heterogeneity of the data, the authors developed 
several hypotheses before undertaking the statistical analy- 
sis. They looked at the nutritional status of the patients, the 
methodological quality of the study, the date of publication 
and the use of lipids, and compared surgical with critically 
ill patients. 

The results, aggregated from 26 studies, showed no effect 
of TPN on the mortality:risk ratio, which was 1.03 (95% 
confidence interval 0.81~1.31). There was a slight decrease, 
which was not statistically significant, in major complica- 
tions in patients receiving TPN in the 22 studies in which 
these were recorded (risk ratio 0.84, 95% confidence 
interval 0.64-1.09). When the a priori hypotheses were 
examined to try to explain these results, it was found that a 
significant beneficial effect of TPN on major complications 
was present in malnourished compared with nourished 
patients, in studies with a low methodological quality score, 
in studies published earlier than 1988, and in surgical rather 
than critically ill patients. The only hypothesis that did not 
show a significant interaction with the complication rate was 
the use of lipids. It is notable that there was an increased 
incidence of major complications in critically il] patients 
receiving TPN that nearly achieved statistical significance 
(risk ratio 2.40, 95% confidence interval 0.88-6.58). In 
contrast, when these hypotheses were examined using 
mortality as the end-point, only one remained statistically 
significant in favour of TPN: the surgical patient compared 
with the critically ill patient (P=0.03). Furthermore, the 
mortality rate of critically ill patients receiving TPN was 
significantly increased (risk ratio 1.78, 95% confidence 
interval 1.11-2.85). Only 14 studies reported the effects of 
TPN on the duration of hospital stay, and in eight studies it 
was shorter in the control group. 

Heyland and colleagues comment that, in spite of their 
intention to summarize the evidence of the effect of TPN on 
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critically ill patients, the meta-analysis of 26 studies 
included only six studies of typical intensive care unit 
CCU) patients. In particular, there were no studies of 
medical ICU patients or of patients with sepsis, and only 
limited assessment of trauma patients. It is common practice 
to aggregate studies of major surgical and ICU patients on 
the assumption that the physiological responses to injury 
and starvation are similar. But the subgroup analysis 
indicates that, with TPN, the complication rate and mortal- 
ity rate were significantly greater in critically ill patients 
than surgical patients. It is no longer appropriate to apply 
data derived from studies of major surgery to ICU patients. 

The results of the meta-analysis do not support the 
continuing use of TPN in critically ill patients. Indeed, the 
authors suggest that the only possible use for TPN may be in 
patients who cannot tolerate enteral nutrition. Since this 
view was based on a single study of surgical patients, in 
which TPN was no better than i.v. glucose, its relevance to 
critically ill patients must be doubtful.’ Proponents of the 
continuing use of TPN in the ICU must provide evidence of 
benefit in the face of the unambiguous conclusions of the 
recent meta-analysis. In our view, TPN in the critically il 
patient is of historical interest only, and this form of 
nutritional support should be confined to the malnourished, 
surgical patient. 

With the popularization of the enteral route for feeding 
has come the realization that the incorporation of other 
compounds in the standard enteral feed may have beneficial 
effects on the metabolic, inflammatory and even immune 
response to injury. Novel substrates, such as medium-chain 
and short-chain fatty acids, glutamine and branched-chain 
amino acids, have been investigated.’ More recently, 
attention has turned to the use of arginine, glutamine, 
nucleotides and omega-3 fatty acids as immunomodulators. 
The notion is simple and attractive: enhance immune 
function in the critically ill by the use of key nutrients in the 
enteral feed and the incidence of infectious complications 
and even the mortality rate should be improved. 
Immunonutrition was reviewed last in this journal in 1996.° 

The most commonly used commercial preparation, 
Impact, contains the basic amino acid arginine, omega-3 
fatty acids and RNA. The evidence to support the immune- 
enhancing properties of these three compounds is of varying 
quality. There is a considerable literature on the immuno- 
logical effects of arginine and also of glutamine, which is 
incorporated in another commercial preparation, Immun- 
Aid. These amino acids enhance cellular immunity, 
modulate tumour cell metabolism, augment lymphocyte 
and macrophage proliferation (particularly glutamine), 
improve wound healing and decrease nitrogen loss post- 
operatively.!°-!? The ability of glutamine to maintain 
intestinal barrier function and prevent the translocation of 
bacteria and endotoxins from the gut lumen to the circula- 
tion may be particularly important in critically ill patients. '* 
There are other properties of arginine that may also be 
important in modifying the physiological responses to 


injury. Arginine stimulates the secretion of several 
hormones, including the anabolic hormone insulin, and 
prolactin and growth hormone.’* It may also be involved in 
the local regulation of tissue blood flow as it is a precursor of 
nitric oxide.'© 

The omega-3 fatty acids were thought initially to enhance 
immune defences through increased production of prosta- 
glandin E3 ‘PGE;), which is less ummunosuppressive than 
PGE», which is usually released in the inflammatory 
response. PGE; down-regulates the production of the 
proinflammatory cytokines tumour necrosis factor-a and 
interleukin-I8 (L-IP), and the major cytokine IL-6. The 
omega-3 fatty acids also have effects on the release of 
thromboxane A, and PGI, (prostacyclin), and inhibit a 
variety of cellular and humoral immunological mechanisms. 
The effects of these compounds on immune function have 
been reviewed in detail, but the literature pertains mainly to 
surgical oncology patients.'” 1° 

The administration of RNA or synthetic polynucleotides 
to enhance immune function is less convincing. Dietary 
nucleotides are essential for cell-mediated immunity and T- 
lymphocyte function.!°?° However, most experimental 
work has been undertaken in animals using nucleotide- 
free diets over several weeks, and the relevance of much of 
these data to critically ill patients is obscure. In 1995, 
Heyland and colleagues reviewed the available studies and 
concluded that there was little evidence to support the use of 
dietary RNA supplementation in patients.”! We suggest that 
this opinion is still valid. 

Cerra and colleagues published a preliminary study in 
1990 that showed the effects of a combination of nutrients in 
enhancing immune function in ICU patients.”* This seminal 
work has stimulated further clinical studies in the past 
decade to examine not only immune function but also the 
potential clinical benefits in patients receiving immunonu- 
trition. In 1999, Heys and colleagues reported a 
meta-analysis of randomized controlled trials of enteral 
immunonutrition in patients with critical illness and 
cancer.” The authors conducted a search for articles 
published between 1990 and 1998 and identified 11 
randomized controlled trials evaluating the use of enteral 
nutritional support supplemented with combinations of key 
nutrients (immunonutrition) versus standard enteral nutri- 
tion. They evaluated only the clinical outcome: major 
infectious complications, nosocomial pneumonia alone (as a 
possible indicator of changes in immune function) and 
mortality. The duration of stay in the ICU and hospital were 
analysed when the information was documented. In eight 
studies, Impact (L-arginine, n-3 essential fatty acids and 
RNA) was used, Immun-Aid (L-arginine, L-glutamine, 
branched-chain amino acids, n-3 essential fatty acids and 
RNA) was used in two studies, and in one study the 
experimental diet was enriched with L-arginine and 
L-glutamine. 

When the data were aggregated for the meta-analysis, 
there was a significant decrease in the risk of developing 
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major infectious complications in the immunonutrition 
group (odds ratio 0.47, 95% confidence interval 0.32- 
0.70). However, there was no significant improvement in the 
incidence of nosocomial pneumonia (odds ratio 0.91, 95% 
confidence interval 0.53-1.56). Supplemented enteral nutri- 
tion was associated with a significant decrease in the 
duration of hospital stay of 2.5 days (95% confidence 
interval 1.0-4.0), although the duration of stay in the ICU 
did not change in the four studies in which this variable was 
noted. 

At first sight, the results of the meta-analysis are 
impressive, with a lower risk of developing a major 
infectious complication and a shorter duration of hospital 
stay in the patients given immunonutrition. In contrast, 
however, there was an increased risk of death in the 
immunonutrition group (odds ratio 1.77, 95% confidence 
interval 1.00-3.12) that just failed to reach statistical 
significance. It is possible that the lower incidence of 
major infections and shorter hospital stay in the supple- 
mented group may simply have been a consequence of the 
increased early mortality. There is no mention in most of the 
studies analysed of the bias of death on these variables and 
the need to ‘censor’ this effect. Indeed, there is an uncanny 
parallel between the findings of the meta-analysis and a 
study of immunonutrition in critically ill patients that was 
published in 1998 after the literature search.” In this recent 
investigation of 101 patients, the use of Impact was found to 
have no effect on mortality (48% in the Impact group, 44% 
in the control group), but was associated with a significant 
reduction in the need for pulmonary ventilation (6.0 vs 10.5 
days, P = 0.007) and a decrease in the duration of hospital 
stay (15.5 vs 20 days, P = 0.03). When the duration of 
hospital stay of patients who died was removed from the 
results, the difference was no longer statistically significant 
(P=0.08). 

It is important to note that, in the meta-analysis of 
immunonutrition, the majority of studies (six out of 11) 
examined surgical patients usually with an upper gastro- 
intestinal malignancy. In four of the surgical studies no 
patients died. Only five studies investigated critically ill 
patients, and these were predominantly patients with major 
trauma. As in the TPN meta-analysis,” results from typical 
ICU patients were not available to assess the effects of 
immunonutrition. 

Obviously, there is a need for further randomized 
controlled studies of immunonutrition in critically ill 
patients. Future studies must have adequate statistical 
power, well-described patient groups, precisely defined 
nutritional regimens, an appropriate control nutritional 
group and accurate outcome measures. The results of the 
meta-analysis of immunonutrition hint at beneficial effects: 
decreases in the incidence of major infectious complications 
and in the length of hospital stay. It is imperative that 
appropriate studies of immunonutrition are undertaken to 
avoid the confusion and uncertainty that has accrued after 


25 years of research into TPN. At present, the value of 
immunonutrition in critically ill patients is not proven. 


B. C. Kennedy 

G. M. Hall 

St George’s Hospital Medical School 
London SW17 ORE 

UK 
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Editorial I 


Safe placement of central venous catheters: where should the tip of the catheter lie? 


Central venous catheters are ubiquitous in modern hospital 
and ambulatory medicine, with up to 6 million insertions per 
year in the USA! and 200 000 per year in the UK.” Despite 
this, there is still considerable doubt as to what constitutes 
optimal practice in terms of catheter composition, route of 
placement and the minimization of complications such as 
catheter-related sepsis, thrombosis and vessel perforation. 
In this issue of the journal, Schuster and colleagues describe 
an elegant post-mortem, radiological study of pericardial 
anatomy.” This work is based on the premise that, in order to 
prevent atrial or ventricular perforation and subsequent 
cardiac tamponade, the central venous catheter tip should 
not lie within the boundaries of the pericardial sac. In 
seeking to prevent this dramatic but rare complication are 
we exposing the patient to other equally serious but more 
insidious complications? The answer is probably yes. These 
issues are explored in this editorial. 

Catheters will generally function equally well for pres- 
sure measurement and fluid infusion if the tip is situated in 
any major vein, above or below the heart. For dialysis or the 
infusion of irritant/hypertonic fluids, a high rate of blood 
flow past the catheter tip is desirable and this requires the 
placement of the luminal opening in as large a vessel as 
possible. However, the package inserts of many central 
venous catheters give very strong warnings about the 
absolute requirement for catheter tips to lie outside the heart 
to avoid perforation and subsequent pericardial tamponade.* 
In the USA, the Food and Drug Administration has issued 
advice emphasizing this point. This advice is based on 
numerous case series reporting the association between 
intracardiac placement of the catheter tip and (usually fatal) 
tamponade.'* Authors of recent case series have acted as 
expert witnesses in cases of litigation related to fatal 


tamponade.'° These experts may have been chosen for their 
polarized opinions. The outcome of such litigation has 
dictated the response of regulatory authorities and manu- 
facturers. Despite this, the level of awareness of the issue 
amongst physicians, anaesthetists and radiologists was 
reported in 1995 to be low.° 

Cardiac tamponade related to central venous catheteriza- 
tion follows a predictable pattern. Most cases occur in the 
first week after insertion." Í Chest pain, nausea, dyspnoea, 
cyanosis, tachycardia, hypotension, engorged neck veins 
and pulsus paradoxus may occur hours before decompensa- 
tion. The correct clinical diagnosis is rarely made and 
cardiac arrest usually ensues, with a mortality exceeding 
70%. In most cases, review of the chest radiograph taken 
before tamponade reveals the catheter to be inside the 
cardiac silhouette.> At post-mortem, the fluid removed from 
the pericardium may be serous or serosanguinous, or may 
resemble the fluid being infused before tamponade. 
Interestingly, in a small proportion of patients it is not 
possible to find a definite track through the myocardium. 

The incidence of tamponade is impossible to know 
precisely. Since the introduction of central venous catheter- 
ization in the 1950s, hundreds of millions of catheters have 
been inserted. Over the same period, the number of reported 
cases of associated tamponade is in the hundreds. Thus, even 
allowing for unrecognized and unreported cases, the scale of 
the problem is put into perspective. Experience with 
transvenous cardiac pacing is also instructive: the deliberate 
placement of transvenous pacing wires into the right atrial or 
ventricular wall very rarely results in tamponade.® To 
prevent tamponade, it would appear reasonable to avoid 
placement of the catheter tip within the right ventricle or 
deep into the right atrium (RA). However, there is increasing 
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recognition that placing the tip in positions above the RA is 
also associated with significant complications. 


Perforation 


Catheter perforation of the central veins has been widely 
reported and may result in pleural effusion, hydrothorax, 
haemothorax, hydromediastinum, pneumothorax and 
pneumomediastinum.*"! Although the effects are less 
dramatic than for perforation of the heart, there is appre- 
ciable morbidity and finite mortality.’ Hydromediastinum 
resulting in cardiac tamponade has been reported,’ and 
perforation of the medial wall of the superior vena cava 
(SVC) can produce tamponade directly.° This is explained 
by the finding by Schuster and colleagues that the 
pericardium may ascend alongside the medial wall of the 
SVC by up to 5 cm (mean 3 cm).? Thus, placement just 
proximal to the atrium does not obviate the risk of 
tamponade. 

Perforation is thought to occur as a result of mechanical 
trauma from the catheter tip or chemical damage from 
infused solutions.!* This results in two warning signs: 
visceral-type chest pain on infusion of drugs or parenteral 
nutrition solutions!’ and a curved appearance of the distal 
catheter seen on chest x-ray.” 

Factors affecting the risk of perforation by catheters (both 
venous and cardiac) are numerous. Stiffer catheters are 
more likely to perforate.’* Stiffness is a function of the 
composition of the catheter (Silastic probably being safest) 
and the number of the lumen (a function of the greater 
diameter and presence of ‘septa’ within the catheter). The 
angle that the catheter tip makes with the wall of the vein or 
heart is crucial; both in vitro’* and clinical evidence 
indicates that the more perpendicular the catheter to the 
wall, the greater the risk of perforation.’ !> Left-sided 
catheters pose a particular problem because the left 
innominate (brachiocephalic) vein forms a near right 
angle to the SVC. Catheters entering the SVC from the 
left therefore have a tendency to impinge on the lateral wall 
of the SVC. The resulting increased risk of perforation is 
well documented.? !! #5 

A sharp, inflexible catheter tip increases the risk of 
perforation, as does excessive mobility of the tip (seen with 
brachial catheters upon movement of the arm). Fluid infused 
under high pressure or at a high flow rate may increase the 
risk of perforation; this may occur with the use of side ports 
as well as end ports. When myocardial perforation does 
occur in this situation, thé risk of tamponade is greatly 
increased. Finally, it is likely that some perforations are due 
to trauma from the guidewire or dilator, particularly when 
tamponade occurs early after insertion. 


Thrombosis and catheter-related sepsis 


The overall thrombosis rate from central venous catheter- 
ization is between 30 and 70%.'°!*® Thrombosis occurs 


where there has been repeated trauma to the endothelium 
from the catheter tip.!? There is increasing evidence of a 
relationship between high placement of the catheter tip 
(upper SVC or above) and thrombosis.!?”° Although most 
thrombosis is either asymptomatic or results in catheter 
blockage alone, life-threatening sequelae are probably 
under-recognized, The incidence of pulmonary embolism 
from catheter-related thrombosis may be up to 60% for both 
short- and long-term catheterization;!°*!* one study 
reported a mortality of 12%.”? In addition, thrombosis of 
the axillary or subclavian veins can lead to significant 
morbidity and requires anticoagulation; SVC obstruction is 
possible and may be fatal. ? 

Catheter-related sepsis (CRS) is a major problem, with a 
direct mortality rate of 25%.” A clear relationship has been 
established between CRS and thrombosis,'®!” and when the 
two combine to produce septic thrombophlebitis the result is 
devastating. Although it is not clear whether infection 
predisposes to thrombosis or vice versa, the morbidity and 
mortality that potentially originate from thrombosis due to a 
high-lying catheter tip (with or without infection) is 
enormous, and in quantitative terms may far exceed that 
related to cardiac tamponade. 


Extravasation 


Extravasation of fluid or drugs from proximal side-holes is a 
potentially serious complication of catheters inserted to an 
inadequate depth.”* 


Positioning 
A major problem in correctly siting central venous catheters 
is the lack of reliable surface landmarks. Although some 
authors recommend points such as the sternal angle as being 
at the level of the junction of the SVC and right atrium,!! 
most recommend a chest x-ray as the only practical, reliable 
test. Schuster and colleagues identify the carina as a 
radiological landmark below which the tip is likely to be 
within the pericardial sac.? However, given that the SVC is 
only 6 cm long and the carina is roughly 3.5 cm higher than 
the SVC/atrial junction, placing the tip above the carina is 
likely to put it in a risk area for thrombosis or, particularly 
for left-sided catheters, into a position at higher risk of 
perforation. In addition, a frontal chest radiograph does not 
exclude a catheter position in smaller vessels (e.g. azygos 
vein) or an extravascular site adjacent to the correct site. 
The use of right atrial electrocardiography during inser- 
tion of central venous catheters has been claimed to be of 
value.” However, such a technique can tell the operator 
only whether the tip is within the atrium, not where it is 
within the venous system. The use of an image intensifier 
permits visualization of the tip position but is not available 
routinely. Ultrasound, although very useful for aiding 
insertion, is of limited value in confirming tip placement. 
It will sbow misplacement in the subclavian, axillary or 
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Fig 1 Stylized diagram of heart and great veins. Angles may be more 
acute in vivo 


internal jugular veins but is not suitable for imaging the 
SVC. Venography and even computed tomography are of 
value in situations where the line position is in doubt and 
reinsertion is undesirable. 

Current guidelines on tip position focus only on the risk 
of tamponade. We believe that an unsatisfactory tip position 
above the heart should not be accepted purely to satisfy 
these guidelines. Whenever the catheter negotiates a sharp 
bend, the catheter must be passed a reasonable distance 
beyond the bend such that the axes of the catheter and vein 
are aligned. In the case of insertion from the left side, this 
may be achievable only by siting the tip in the right atrium. 
Reference to a stylized diagram of the heart and great veins 
may provide some guidance (Fig. 1). 

Zone A dow SVC/upper right atrium). This is a suitable 
tip site from any access point in the upper body. We believe 
catheter tips can be sited safely within the upper right atrium 
provided they do not abut the atrial wall end-on or pass 
through the tricuspid valve or into the coronary 
sinus.© !3 2025 26 

Zone B (upper SVC). This is a suitable site for tips of 
catheters placed via the right internal jugular route.’ ! 

Zone C (mid-point, left innominate vein). This is a 
suitable site for the tip when the catheter is introduced from 
the left internal jugular or subclavian vein, and reduces the 
risk of SVC perforation. 1} 


Conclusions 


The catheter tip should be placed in as large a vein as 
possible, ideally outside the heart and parallel with the long 


axis of the vein such that the tip does not abut the vein or 
heart wall end-on. 

There are complications associated with all tip positions 
and a lack of good evidence on which to base practice. 
There is no evidence that the complications of short-term 
versus long-term catheterization are qualitatively different, 
but the event rate per patient is likely to be higher with the 
latter, requiring meticulous attention to detail. 

Individual clinical factors must dictate the choice of 
access point and site of the catheter tip. Ultimately, the risks 
of central venous catheterization will be minimized only by 
clinicians having a detailed knowledge of the complications 
of catheterization, a high index of suspicion that clinical 
deterioration may be due to the catheter, and a readiness to 
take action. Clinicians should audit their results and be 
prepared to justify individual practice. 


S. J. Fletcher 

A. R. Bodenham 

The General Infirmary at Leeds 
Leeds LS] 3EX 

UK 
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The carina as a landmark in central venous catheter placement} 
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Location of the tip of a central venous catheter (CYC) within the pericardium has been associ- 
ated with potentially lethal! cardiac tamponade. Because the pericardium cannot be seen on 
chest x-ray (CXR), an alternative radlographic marker is needed for correct placement of 
CVCs. The anatomy of the region was studied in 34 cadavers. The carina was a mean (SEM) dis- 
tance of 0.4 (0.1) cm above the pericardial sac as it transverses the superior vena cava (SVC). 
In no case was the carina located below the pericardial sac. The carina is a rellable, simple ana- 
tomlcal landmark for the correct placement of CYCs. In almost all cases, the carina is radiologi- 
cally visible even in poor quality, portable CXRs. CVC tips should be located in the SVC above 
the level of the carina in order to avold cardiac tamponade. 
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Cardiac tamponade is a life-threatening complication of 
central venous catheter (CVC) placement. Current 
guidelines strongly advise that the CVC tip lies in the 
superior vena cava (SVC) and outside the pericardial 
sac.’ This is difficult to achieve as the exact location of 
the pericardium cannot be seen on a normal chest x-ray 
(CXR). Various radiographic landmarks have been 
described to ensure extrapericardial location of the 
CVC tip in a safe position,?* but none of these has 
achieved general acceptance. In addition, the awareness 
of physicians regarding the risks of malpositioned CVCs 
is still limited. 

We are unaware of any anatomical studies to verify the 
exact location of the pericardial sac in relation to other 
radiographically visible anatomical structures. Some clin- 
icians use the carina as a landmark for the correct location of 
CVC tips, but this has not been investigated systematically. 
The aim of our study was to determine whether the carina 
can be used as a landmark below which no catheter tip 
should be located. 


Material and methods 

Thirty-four cadavers [11 male, 23 female, mean age 
78 ((SEM) 1.7) (range 49-98) yr; length 166 (1.7) cm, 
range 144—186 cm] which were used for first year medical 


students were examined in the dissecting room. After 
opening the chest, the lungs were removed by cutting the 
main bronchi and the accompanying vessels ~5 cm distal to 
the carina. The pericardial sac was cut open with a lambda- 
shaped wide incision. The aorta, the superior and inferior 
vena cava, and the pulmonary trunk were cut in the 
intrapericardial section of the vessels 2-3 cm away from the 
heart, so that the heart could be removed. The anatomy of 
the pericardial sac and its reflection were preserved with 
great care. The carina, located medially and posteriorly to 
the level of the great vessels, was palpated after removal of 
the heart. The sagittal distance was measured between the 
middle of the carina and the middle of the SVC. 

In this university hospital with 1400 beds, several 
thousand CVCs are inserted each year. To assess whether 
the carina is visible in CXRs taken in the intensive care 
units, we studied 100 consecutive newly placed CVCs in 
seven intensive care units (cardiac surgery, abdominal 
surgery, transplantation surgery, trauma, anaesthesiology, 
cardiology and respiratory). All CXRs were taken as 
portable antero-posterior CXRs with the patient lying 
supine. 





{This article 1s accompanied by Editorial I 
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Fig 1 The heart, the great vessels and the pencardial sac. The canna, 
which ıs anatomically located dorsally to the view shown, 1s indicated by 
dotted lines The pericardial sac 1s depicted in black and white around 
the heart. All numbers are arithmetic mean (SEM) (A) The imtrapericardial 
part of the SVC (3.0 (0 2) cm, range 1.0-5.0 cm) (8) The medial side of 
the SVC where a duplication of the pencardium fortifies the vessel wall 
(24 (01) cm, range 16-40 cm) (C) The longitudinal distance between 
the carma and the pericardium as it transverses the SVC (04 (0 1) cm; 
range 0.0-2 1 cm). SVC denotes superior vena cava. 


Results 


The pericardium transverses the SVC almost horizontally 
(Fig. 1). At the medial side of the SVC, the pericardium is 
attached to the SVC wall and ascends with the SVC (Fig. 1) 
up to the beginning of the aortic arch. It then leaves the SVC 
and follows the aortic arch. The carina was a mean (SEM) 
distance of 0.4 (0.1) cm (range 0.0-2.1 cm) above the 
pericardium as it transverses the SVC (Fig. 1). The distance 
did not correlate with the length of the patient. In no case 
was the carina located below the pericardial reflection. The 
intrapericardial part of the SVC was 3.0 (0.2) cm (range 
1.0-5.0 cm) long. The sagittal distance of the carina to the 
middle of the SVC was 3.0 (0.1) cm (range 1.5-4.1 cm). 

Reviewing the post-insertion CXRs, we found that the 
carina could be identified in 96%. In 58% the catheter tip 
was located below the carina. 


Discussion 

Since the first report in 1956,° cardiac tamponade following 
CVC placement has been reported in patients of all ages and 
with different types of catheters.’ 67 The mortality from 
cardiac tamponade following CVC placement was very high 


in all the series,'®° but the real incidence is unknown. 
However, it is likely that this condition is under-reported.* 8 
In recent years, there have been modifications in catheters to 
reduce the risk of catheter-induced perforation, but there is 
no evidence that these new catheters reduce the incidence of 
cardiac tamponade.* Indeed, there are several reports of 
cardiac tamponade caused by soft silastic CVCs,! !°!! 

To prevent cardiac tamponade, various safe location 
criteria have been suggested, but all have major drawbacks 
Greenall and colleagues suggested that the catheter tip 
should be no more than 2 cm inferior to a line drawn 
between the lower borders of the clavicles on an erect 
posterior-anterior CXR.? However, in the portable antero- 
posterior CXR used in intensive care units with the patient 
lying supine, the film is located much closer to the beam 
source than in posterior-anterior CXRs taken with the 
patient standing upright. As a consequence, anatomical 
structures located anteriorly and more peripherally, such as 
the clavicles, can be augmented on the film by more than 
20%. This parallax effect makes the criteria suggested by 
Greenall less reliable. To circumvent the parallax problem, 
Rutherford and colleagues suggested that the angle formed 
between the right main bronchus and the trachea, which 1s 
located closer to the SVC, is a more appropriate landmark.” 
However, their work was not based on anatomical studies 
and it remained unclear whether it really guarantees an 
extrapericardial location of the CVC tip. Collier and 
colleagues suggested avoiding any location of the CVC 
trp which can be seen inside the cardiac silhouette on CXR, 
but the border between the SVC and the right atrium is often 
indeterminable on CXRs. Moreover, the cardiac silhouette 
does not match the anatomical location of the pericardial 
sac, as our data show that the intrapericardial part of the 
SVC is 3.0 (0.2) cm (range 1.0~5.0 cm). A correctly placed 
catheter according to the criterion suggested by Collier and 
colleagues could still cause a cardiac tamponade by vascular 
erosion of the intrapericardial SVC, which has been 
reported previously.® !* 

Our study shows that the carina is a reliable landmark for 
the placement of CVCs, In all cases, the pericardial sac ends 
below the level of the carina. The longitudinal distance 
between the level of the carina and the level of the upper end 
of the pericardial sac has a relatively small variability and 
does not correlate with the length of the patient. Our study 
also explains why CVC tips abutting the lateral wall of the 
SVC are especially dangerous:'* the lateral side of the SVC 
is much weaker than the medial side, where the pericardial 
sac fortifies the vessel wall. 

The carina as an anatomical landmark has several 
advantages; due to its fixation with connective tissue, its 
location is preserved even in pulmonary pathology. The 
central location and the small sagittal distance between ıt 
and the SVC (range 1.5-4.1 cm in our study) limit any 
parallax effect. Most importantly, the carina is easily visible 
even in a poor quality portable antero-posterior CXR. 
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In conclusion, cardiac tamponade is a potentially life- 
threatening complication of CVC placement which can be 
avoided if all catheter tips are located above the carina on 
CXR. 


References 


| Collier PE, Blocker SH, Graff DM, Doyle P. Cardiac 
tamponade from central venous catheters. Am j] Surg 1998; 
176: 212-4 

2 Greenall Mj, Blewitt RW, McMahon M}. Cardiac tamponade and 
central venous catheters. BMJ 1975; 2: 595-7 

3 Rutherford JS, Merry AF, Occleshaw Cj. Depth of central venous 
catheterrzation: an audit of practice in a cardiac surgical unit. 
Anaesth Intens Care 1994; 22: 267-71 

4 Collier PE, Goodman GB. Cardiac tamponade caused by central 
venous catheter perforation of the heart a preventable 
complication. | Am Coll Surg 1995; 181: 459-63 

5 Brown CA, Kent A. Perforation of right ventricle by polyethylene 
catheter, South Med J 1956; 49: 466-7 


194 


6 


7 


Engelenburg KCA, Festen C. Cardia tamponade: a rare but life- 
threatening complication of central venous catheters In children. 
J Pediatr Surg 1998; 33: 1822-4 

Murray BH, Cohle SD, Davison P. Pericardial tamponade and 
death from Hickman catheter perforation. Am Surg 1996; 62: 
994-7 

Defalque RJ, Campbell C. Cardiac tamponade from central 
venous catheters. Anesthesiology 1979; 50: 249-52 

Karnauchow PN. Cardia tamponade from central venous 
catheterization. Can Med Assoc J 1986; 135: | 145-7 
Greenspoon JS, Masaki DI, Kurz CR. Cardiac tamponade in 
pregnancy during central hyperallmentation. Obstet Gynecol 1989; 
73: 465-6 

Kalen V, Medige TA, Rinsky LA. Pericardial tamponade 
secondary to perforation by central venous catheters In 
orthopaedic patients. J Bone Joint Surg 1991; 73: 1503-6 
Aldridge H, Jay A. Central venous catheters and heart 
perforation. Can Med Assoc J 1986; 135: 1083-4 

Ellis LM, Vogel SB, Copeland EM. Central venous catheter 
vascular erosions. Ann Surg 1989; 209: 475-8 


British Journal of Anaesthesia 85 (2) 195-8 (2000) 














Serum mitochondrial aspartate transaminase activity after 
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We examined the effect of halothane or isoflurane anaesthesia on hepatic function in 30 ASA 
I-III patients aged 18-70 yr undergoing lumbar discectomy. Hepatic function was assessed 
before anaesthesia, at the end of surgery, and at 3, 6, 24 and 48 h after surgery using routine 
enzyme tests of hepatic function and mitochondrial aspartate transaminase (mAST) activity. 
Although serum mAST activities increased after surgery in both groups of patients, these 
Increases were statistically significantly greater in the group that received halothane. The 
groups were similar with regard to other tests of hepatic function. Calculation of the ratio of 
serum enzyme activities compared to baseline values suggested that mAST is a sensitive marker 


of anaesthetic-induced hepatic injury. 
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Aspartate transaminase (AST) consists of two genetically 
distinct, structurally different isoenzymes known as mito- 
chondrial and soluble (or cytosolic) AST. The plasma 
concentration of mitochondrial AST (mAST) is small 
(normal <4 u litre™!) despite its considerable activity ın 
heart and liver tissues.’ mAST probably has a shorter half- 
life than cytosolic AST and makes up 80% of the total AST 
in liver tissue. It has been suggested that mAST is 
preferentially located in the perivenous hepatocytes which 
are more susceptible to damage by both alcohol and 
anoxia.” Serum concentrations of mAST may be measured 
immunochemically and could be a marker of damage 
resulting from anaesthetic agents such as halothane.* 

We compared the effect of halothane and isoflurane 
anaesthesia on serum mAST to determine if serum mAST 1s 
a more sensitive marker for anaesthetic-induced liver 
damage than AST, alanine transaminase (ALT), alkaline 
phosphate (ALP), y-glutamyl transferase (yGT) and serum 
bilirubin. 


Patients and methods 


With written informed consent and University Ethics 
Committee approval, 30 ASA grade I-II patients under- 
going lumbar discectomy were enrolled in the study. All 
patients were aged 18-70 yr and had no history of hepatic 


disease or recent heavy alcohol intake (>21 u weekly for 
men and >14 u weekly for women). Any patient who had a 
general anaesthetic in the previous 6 months was excluded 
from the study. 


Anaesthesia and analgesia 


Patients were randomly allocated to receive either halothane 
or isoflurane by opening sealed envelopes after enrolment 
into the study. Premedication consisted of temazepam 
(20 mg) in all cases. Anaesthesia was induced with 
thiopentone (5 mg kg’) and intubation of the trachea was 
facilitated with atracurium (0.5 mg kg’). Analgesia was 
provided by morphine (10 mg) at induction and droperidol 
(2.5 mg) was admimstered intravenously as an anti-emetic. 
Patients were ventilated to maintain their end-tidal carbon 
dioxide concentration at 4.6-5.9 kPa, and placed in a 
modified tuck position for surgery.” Patients in the 
halothane and isoflurane groups received halothane and 
isoflurane, respectively, in nitrous oxide and oxygen 
(Fio=0.4). Initial expired concentrations of anaesthetic 
agent were 1.0 MAC that was reduced if systolic arterial 
pressure decreased by more than 30% of baseline values. 
Fluid therapy was Dextran 70 in 0.9% saline (500 ml) 
followed by Hartmann’s solution as required during 
surgery, and 0.18% saline in 4% dextrose (100 ml bh‘) 
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after anaesthesia. Heart rate and rhythm, non-invasive 
arterial pressure and peripheral oxygen saturation by pulse 
oximeter were monitored throughout anaesthesia. End-tidal 
carbon dioxide and anaesthetic concentrations were also 
recorded during anaesthesia. Bupivacaine 0.25% (20 ml) 
was applied to the wound before it was sutured and 
neuromuscular blockade reversed with neostigmine 2.5 mg 
and glycopyrrolate 0.5 mg. Postoperative analgesia con- 
sisted of patient-controlled analgesia (morphine sulphate: 
1 mg bolus and 5 min lock-out). 


Laboratory analysis 


Venous blood samples were drawn immediately before 
induction of anaesthesia, at the end of surgery (time 0), and 
3, 6, 24 and 48 h later. The samples were centrifuged and the 
serum assayed for bilirubin concentration and activities of 
creatine kinase (CK), ALT, ALP, yGT and AST using a 
multi-channel analyser (Prisma, Clinicon-AB). The remain- 


Table 1 Detaus of patients studied (median (range)) 














Halothane Isoflurane 

(n=15) (n=15) 
Age (yr) 42 (24-56) 41 (1-69) 
Weight (kg) 70 (55-105) 75 (58~103) 
Gender (M/F) 9/6 11/4 
Alcohot intake (u week") 4 (0-20) 70-16) 
Tylex (n day“ 7 5 
Diazepam (n day’) 3 4 
Diclofenac (n day) 4 3 
Duration of hypotension (min) 60 (55-135) 63 (60-110) 
Dose (MAC h`’) 1.4 (07-3.5) 1 4 (0.61-1.8) 
Lowest systolic ABP (mm Hg) 95 (79-124) 100 (69-127) 
Lowest diastolic ABP (mm Hg) 55 (40-71) 58 (40-65) 








ing serum was stored at -20°C and assayed for mAST at a 
later date by an immunochemical method.* Rabbit anti- 
bodies against human soluble AST were added to the serum 
in the presence of polyethylene glycol and the sample was 
centrifuged to precipitate the soluble AST. Residual mAST 
in the supernatant was then assayed in the presence of 
exogenous pyridoxal phosphate by coupling oxaloacetate 
production with NADH in reaction with malate dehydro- 
genase (absorbance change monitored at 340 nm (Prisma, 
Clinicon-AB)). The detection limit of the assay was less 
than 0.5 u litre’ and the coefficient of variation was less 
than 3% of the residual mAST. 

Data were analysed using Wilcoxon ranked pairs within 
groups and Mann—Whitney U-test between groups. Ratios 
of enzyme activities compared to baseline values were 
calculated and analysed between groups using the Mann- 
Whitney U-test. 


Results 


Fifteen patients were anaesthetized with isoflurane and 15 
received halothane. The groups were similar in age, weight, 
gender, alcohol intake, duration of hypotension, minimum 
arterial pressure and dose of anaesthesia (Table 1). All 
patients had liver function test values of less than twice the 
upper limit of the reference range prior to anaesthesia. In 
both groups. serum concentration of bilirubin increased 
significantly above baseline at 24 and 48 h after anaesthesia 
(Table 2). Serum ALT activity decreased significantly 
(P<0.05) below baseline throughout the study period in 
the halothane group (Table 2). ALP and yGT activities 
significantly (P<0.05) decreased from baseline in both 
groups at the end of anaesthesia and in the case of yGT 


Table 2 Serum bilirubm concentrations (umol litre™!) and enzyme activities (u Litre”) for the groups receiving halothane (H) and isoflurane (T). Median (Ist, 


3rd quartiles). *P<0 05 difference from baseline activity (Wilcoxon rank sum) 





Time after surgery (h) 





Test (ref. range) Baseline 
0 
Bilrubin H 10 11 
(3-17) (7,15) (7,13) 
I 10 il 
(7,15) (8,16) 
ALT H 35 29* 
(10-40) (14,55) (12,44) 
I 21 17* 
(13,28) (12,25) 
ALP H 167 131* 
(90-280) (145,189) (116,170) 
I 144 135* 
(130,186) (98,162) 
GT H 36 26* 
(5-60) (16,56) (14,55) 
I 26 21* 
(15,34) (113,27) 
CK H 74 73 
(50-150) (55,123) (55,122) 
I 89 
(66,123) (67,113) 


3 6 24 48 

10 1l 17" 13* 
(7,11) (8,14) (10,22) (10,19) 
10 u 15* 14* 
(8,14) (8,14) (13, 24) (11,19) 
28" 29" 24" 22s 
(11,42) (13,45) (14,38) (15,38) 
17 18 16 

(11,24) (11,26) (13,26) (15,30) 
128* 140* 153 172 
(116,160) (123,163) (141,183) (144,188) 
143 146 164 169 
(125,159) (129,165) (141,195) (144,191) 
23" 26* 25” 27* 
(13,43) (13,43) (16,48) (18,41) 
22 20* 22" 22 
(14,28) (16,24) (17,25) (20,39) 
16 69 72 69 
(57,114) (52,112) (54,113) (44,124) 
89 99 92 87 
(65,111) (60,119) (59,117) (60,115) 
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Fig 1 Serum aspartate transaminase (AST) activity (u Ltre™!) before and 
after halothane or isoflurane anaesthesia. Values are median and 
mterquartile range. Normal range: 17-45 u litre! *P<0,05 difference 
between groups using Mann-Whitney U-test 
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Fig 2 Serum mitochondrial aspartate transaminase (mAST) activity 
(u htre™) before and after halothane or isoflurane anaesthesia Values are 
median and interquartile range Normal range 2-4 u litre! *P<0.05 
difference between groups using Mann-Whitney U-test 


remained below baseline activities throughout the study 
period (Table 2). 

Serum AST and mAST activity increased throughout the 
study period in both groups (Figs 1 and 2). In the halothane 
group this increase in serum activity reached significance in 
blood samples taken at more than 6 h after anaesthesia for 
AST and in all postoperative samples for mAST. In the 
isoflurane group, the increase in both AST and mAST 
reached significance at 24 and 48 h after anaesthesia. 

The groups were statistically different (P<0.05) with 
regard to AST in all samples taken after operation (Fig. 1). 
This difference was maximal (P<0.001) at 48 h after 
operation. The groups were also statistically different with 
regard to mAST activity in all samples taken after 6 h (Fig. 
2). This difference was maximal (P<0.0001) at 48 h after 
anaesthesia. No significant difference was noted between 
the groups with regard to any of the other tests of hepatic 
function. 

The baseline activity of AST and ALT was greater in the 
halothane group before operation. Although this did not 
reach statistical significance (P<0.05, Fig. 1), it was felt 
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Fig 3 Ratio of serum aspartate transaminase (AST) activity after 
halothane or isoflurane anaesthesia to baseline activity Values are 
median and interquartile range. 
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Fig 4 Ratio of serum aspartate transaminase (AST) activity after 
halothane or isoflurane anaesthesia to baseline activity. Values are 
median and interquartile range **P<0 001 difference between groups 
using Mann-Whitney U-test 


necessary to compare the change in the activities of AST 
and mAST from baseline activities. There was no statistical 
difference between the halothane and isoflurane groups 
when the increase in AST was considered as a ratio (Fig. 3). 
When a similar plot was carried out for the ratio of mAST 
activity to baseline (Fig. 4), there remained a statistical 
difference (P<0.001) between the halothane and isoflurane 
groups at 6, 24 and 48 h after surgery. 


Discussion 

These data show an increase in serum activity of both AST 
and mAST in patients after lumbar discectomy. This 
increase is significantly greater after anaesthesia with 
halothane than isoflurane and is in agreement with previous 
work that found an increase in serum concentrations of 
glutathione S-transferase (GST) after a single, brief 
exposure to halothane. The conclusion of these previous 
studies suggested a loss of hepatocellular integrity follow- 
ing halothane, whereas isoflurane is free of this effect.’ 
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Serum AST activity increased significantly from baseline 
for all samples drawn more than 6 h after surgery in the 
halothane group and 24 h after surgery in the isoflurane 
group. Serum AST activity was non-significantly greater in 
the halothane group prior to anaesthesia or surgery (P=0.09). 
Although the difference between the groups was significant 
(P<0.05) in all of the postoperative samples, we aimed to 
reduce the influence of the baseline difference by expressing 
the activities of AST after surgery and anaesthesia as a ratio 
of baseline activity (Fig. 3). This ratio did not show a 
Statistical difference between the groups at any time after 
surgery, and therefore these data do not support the use of 
serum AST activity as an indicator of subclinical hepatic 
injury found after halothane anaesthesia. Other studies have 
provided conflicting data on the value of serum AST as an 
indicator of hepatic injury following halothane anaesthesia. 
The surgical procedure performed may be important as it has 
been found that serum AST activity decreases significantly 
after body surface or minimally invasive surgery,® but is 
significantly increased after gastric or biliary surgery.” 

There was no difference between the groups before 
surgery in terms of serum MAST activity. However, after 
anaesthesia and surgery, serum mAST was significantly 
greater in the halothane group of patients (Fig. 2). A similar 
pattern was found when mAST activities after anaesthesia 
were expressed as ratios of baseline activity (Fig. 4). 

Many of the patients in this study were receiving 
medication, including Tylex™ (paracetamol 500 mg and 
codeine phosphate 30 mg), diazepam and diclofenac that 
may cause some hepatic injury. The position of the patient 
during surgery may also be important because posture alters 
total hepatic blood flow and blood flow through the portal 
vein in particular.’° The tuck position may reduce blood 
flow through the portal vein. The hepatic arterial response to 
reduced portal venous blood flow 1s abolished in rats 
anaesthetized with halothane, but maintained in the presence 
of isoflurane.'! Therefore, a reduction in blood flow through 
the portal vein may be compensated in the isoflurane group 
but not in the halothane group. Patients undergoing more 
minor superficial surgery in the supine position may 
therefore allow a clearer examination of differences in 
liver function related to choice of anaesthetic agent. 

The source of AST and mAST is not clear as both are 
found in liver, heart, kidney, brain and skeletal muscle. !? It 
may therefore be possible that the leakage of enzyme into 
the serum came from muscle damage at the time of 
surgery.” '? However, the changes in serum bilirubin 
concentration and CK activity were similar in both groups 
of patients indicating similar severity of surgical tissue 
damage. As both groups of patients were similar in all other 
ways, it is most likely that the increased serum activities of 
mAST are due to the anaesthetic agents used and are hepatic 
in origin. Therefore, this study provides further evidence 
that a short exposure to halothane results in a greater loss of 
liver cell integrity than similar exposure to isoflurane. 


In summary, mAST indicates hepatic dysfunction after 
anaesthesia with halothane. Limitations of the assay for 
mAST include a lack of organ specificity and the labour- 
intensive nature of the assay. However, the assay may 
become much easier in the future as automated techniques 
utilizing proteinases which inactivate cytosolic AST but 
have no effect on mAST become available.!* Although the 
use of halothane is diminishing in the western world, this 
assay may be useful in evaluating the effects of newer 
anaesthetic agents on hepatic function. 
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Low-dose remifentanil increases regional cerebral blood flow and 
regional cerebral blood volume, but decreases regional mean 
transit time and regional cerebrovascular resistance in volunteers 
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We have used contrast media-enhanced perfusion magnetic resonance imaging MRI to measure 
regional cerebral blood flow (rCBF), regional cerebral blood volume (rCBY), regional mean 
transit time (rMTT) and regional cerebrovascular resistance (rCVR) in volunteers at baseline 
and during infusion of remifentanil (0.1 ug kg™! min’). Remrfentanil increased rCBF and rCBV 
in white and grey matter (striatal, thalamic, occipital, parietal, frontal) regions, with a parallel 
decrease In rMTT in those regions with the exception of occipital grey matter. rCVR was 
decreased in all regions studied. The relative Increase in rCBF was greater than that in rCBV. 
Cerebral haemodynamics were increased significantly in areas less rich in -opioid receptors 
with a tendency towards more pronounced increases in rCBF and rCBV In pain-processing 
areas, Furthermore, interhemispheric differences in rCBF, rCBV and rMTT found prior to drug 
administration were almost eliminated during infusion of remifentanil. We conclude that, apart 
from direct and indirect cerebrovascular effects of remifentanil, these findings are consistent 


with cerebral excitement and/or disinhibition. 
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Introduction 


Remifentanil is an ultrashort-acting, potent and selective p- 
opioid receptor agonist.’ Because p-opioid receptors have 
been found to be present in nociceptive and sensorimotor- 
integrative regions of the central nervous system” ® and are 
involved in regulating cerebral haemodynamics,” the 
effect of opioids on cerebral haemodynamics may have 
regional differences. 

In a positron emission tomography (PET) study, remi- 
fentanil modulated human cerebral blood flow (CBF) in a 
regionally specific fashion with increases in areas associated 
with pain processing.'* However, that study showed only 
relative changes in regional cerebral blood flow (rCBF). 

PET studies are known to suffer from a lack of anatomical 
resolution. '* '* Thus, the present study used contrast media- 
enhanced magnetic resonance imaging (MRI) perfusion 
measurements to determine the influence of remifentanil on 
rCBF, regional cerebral blood volume (rCBV),’° regional 


mean transit time (MTT) and regional cerebrovascular 
resistance (rCVR)"” in volunteers 


Methods 


After obtaining the approval of the local University Ethics 
Committee and wntten informed consent, 10 healthy, male 
volunteers, who had no history of drug use or abuse and no 
history of surgery in the previous 6 months, underwent 
physical examination and blood screening for opioids. 
Following negative drug screening and a 6-h fasting period 
on the day of the experiment, subjects underwent two 
consecutive MRI measurements of contrast media-en- 
hanced cerebral perfusion. 

Wearing a tightly fitting face mask the volunteers 
breathed normally (end-tidal carbon dioxide concentration 
(Etco,=40 mm Hg) at an inspired oxygen fraction (Fig,) of 
0.5. The volunteers had been trained by both verbal 
instruction and by watching the capnographic trace of the 
monitor on the day prior to the MRI session. During the 
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experiment, breathing at a constant Etoo, (e.g. 40 mm Hg) 
was supported by voice command when necessary. 

Following baseline measurement, a continuous infusion 
of remifentanil (0.1 bg kg? min?) was started. The 
continuous infusion rate for steady-state! !° was preceded 
by a 25% increased infusion rate for a period of 5 min. After 
10 min of remifentanil infusion, tests of thermal and tactile 
nociception as well as of pupillary reflex were repeated to 
verify opioid action before starting MRI measurement. 
Cumulative duration of remifentanil infusion was 45- 
60 min. 

A dose reduction of 25% was performed when side 
effects occurred (e.g.: Spo, <93%; respiration rate <5 b.p.m.; 
no reaction to verbal commands or nausea and vomiting). 

Fig,, Etoo, non-invasive mean arterial pressure (MAP), 
electrocardiogram (ECG), respiration frequency (RF) and 
haemoglobin oxygen saturation (Spo,) were monitored 
during the investigation (Compact Datex®, Finland). 

MRI measurements were performed on a 1.5-Tesla 
whole-body scanner (Magnetom VISION, Siemens, 
Germany) using a standard circular polarized head coil. 
Single-shot echo planar imaging (EPI) was performed with 
a repetition time (TR) of 2 s and an echo time (TE) of 64 ms. 
An acquisition matrix of 64128 (FOV 2222 cm, inplane 
resolution 1.61.6 mm) was used. The slice thickness was 
set to 5 mm and 15 slices were measured simultaneously. A 
paramagnetic contrast agent Gd-DTPA (0.1 mmol kg) was 
injected into an antecubital vein at a rate of 9 ml s~ using an 
MR-compatible power-injector (SPECTRIS, Medrad, 
Pittsburgh, PA, USA). Echo-planar-imaging scans (n=60) 
were performed at 2-s intervals to cover the whole passage 
of the contrast agent through the brain. 

CBV and CBF were calculated in regions of interest 
(ROIs) placed bilaterally in corresponding white matter and 
in frontal, parietal, occipital, thalamic and striatal grey 
matter. 

The basic concept used to determine CBV and CBF was 
previously described by Ostergaard and colleagues.!© CBF 
values are given in (ml 100 ml min“) and CBV values in 
(ml 100 mI’). 

The mean transit time, which defines the average time 
that any particle of tracer, such as contrast media, remains 
within the region of interest, was calculated according to 
the equation: 


=—— x 60 (1) 


MITT is given in s. 
Cerebrovascular resistance (CVR) was calculated with 
the equation: 


MAP 
CVR = CBF (2) 


CVR is given in 10* N m° min 100 mi". 


Statistical analysis 

Data are presented as mean (SEM) and mean (SD) and 
were tested for normal distribution with the 
Kolmogorov-Smimov test. In the case of normal 
distribution, analysis of variance (ANOVA) for repeated 
measurements with Bonferroni correction for multiple 
testing was performed. Otherwise, the Mann-Whitney U- 
test or Kruskal-Wallis test was employed. P<0.05 was 
considered statistically significant. The statistical com- 
puter package SPSS ® 8.0. for Windows (95) run on a 
Compaq ® Deskpro EP Series 6350/6.4 was used for 
statistical analysis. 


Results 

All volunteers (n=10; age range 20-28 yr, weight: 76 (SD) 
(6) kg; height: 181 (6) cm) completed the study without 
complications. All were right-handed males of ASA phys- 
ical status I and non-smokers. Body weight in all volunteers 
was within 10% of ideal body weight. 

Heart rate significantly decreased during remifentanil 
infusion (baseline: 67 (13) beats min vs remifentanil: 61 
(14) beats min’). In contrast, mean arterial pressure, RF, 
Spo, and Etco, remained unchanged during infusion of 
remifentanil (Table 1). 

Opioid side effects observed are summarized in Table 2. 
The average cumulative dose of remifentanil administered 
was 228 (41) ug. 


ww 


Table 1 Haemodynamic and respiratory values HR, heart rate, MAP, mean arterial pressure, Spo, pulsoxymetrically measured haemoglobin oxygen 
saturation; Etoo, end-tidal CO, concentration; RF, respiration frequency. *Significant to baseline P<0.05, Values are given as mean (SD) 





n=10 HR (beats min`’) MAP (mm Hg) Spo, (%) Ete, (mm Hg) RF (b.p.m) 
Baseline 67 (13) 90 (1) 99 í1) 40 (0.7) 10 (4) 
Remifentani 61 (14)* 90 7) 99 i1) 40 (03) 10 (5) 


(0.1 ug kg” oun!) 
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rCBF 


At baseline grey matter rCBF ranged from 127.0 (SEM) 
(1.10) to 149.1 (1.2) ml 100 mf’? min”, whereas white 
matter rCBF was 57.0 (0.4) ml 100 ml min™ (Table 3, 
Fig. 1). During remifentanil infusion, rCBF increased in all 
regions studied. This increase in rCBF was less pronounced 
in white compared with grey matter regions, except for the 
left-hemispheric parietal grey matter. rCBF increased most 
in bilateral striatal grey matter as well as in right thalamic 
and left occipital grey matter (Table 3). 

At baseline, left-to-right interhemispheric differences in 
rCBF were present in all regions with the exception of 
thalamic grey matter (Fig. 1). Left-hemispheric striatal and 
frontal grey matter showed a higher rCBF than did the right- 


Table 2 Synopsis of side effects observed during remifentanil infusion in 
volunteers (n=10) 


Sensation of warmth 10 (10) 
Pupil constriction after 5 min 10 (10) 
Comfortable 5 (10) 
Skin itching 4 (10) 
Dreams 2 (10) 
Dry mouth 2 (10) 
Flushing 1 (10) 
Peeling of tightness in the chest 1 (10) 
Queasy feeling © 0 (10) 
Sweating 0 (10) 
Vomiting 0 (10) 


hemispheric areas. In contrast, in left-hemispheric parietal 
and occipital grey and white matter, rCBF was lower than in 
corresponding right-hemispheric areas. During remifentanil 
infusion, interhemispheric differences were eliminated 
except for the parietal grey matter, where left-hemispheric 
rCBF remained lower than right-hemispheric (Table 3, 
Fig. 2). 


2 


8 


8 





Mean (SEM) (mi 100 mi-tmin-1) 


GM_FR GM_OC GM_PA GM_ST GM_TH WM 
Regional cerebral blood flow (rCBF) 


Fig 1 Interhemispheric differences ın regional cerebral blood flow 
(GM_FR-grey matter, frontal; GM_OC-grey matter, occipital; GM_PA- 
grey matter, parietal; GM_ST-grey matter, striatal, GM_TH~grey matter, 
thalamic; WM-white matter). *Significance P<0.001. Values are given as 
mean (SEM). 


Table 3 Values of drug effect on regional cerebral blood fow (rCBF, ml 100 mi} mun”), regional cerebral blood volume (rCBV, ml 100 mI” 5, regional 
mean tranmt time (MTT, s) and regional cerebrovascular resistance (CVR, 10* N m°? min 100 ml”), baseline versus remifentanil separated by hemispheres 
GM.FR-grey matter, frontal, GM_OC-grey matter, occipital, GM_PA-grey matter, panetal; GM_ST-grey matter, striatal, GM_TH-grey matter, thalamic, 
WM-white matter. *Significant to baseline P<0 001 Values are given as mean (SEM) 











Right hemisphere 
Contral Remifentanil 
Mean SEM Mean SEM 
GM_FR rCBF 135 68 210 198 41 330 
rCBV 9,95 0.15 1123 0.13 
tMTT 4.75 006 4,36 0.07 
rCVR 1.18 002 096 0.02 
GM_OC rCBF 130.14 1.47 194.03 329 
rCBV 9 82 0.11 11.85 0.13 
rMTT 4.80 004 4.89 0.06 
ICVR 1.16 002 1.16 003 
GM_PA rCBF 150.97 167 214 50 3.17 
rCBV 10 70 0.14 1291 0.15 
rMTT 4.45 004 4.66 0 06 
ICVR 103 001 097 002 
GM_ST rCBF 135 72 183 222,70 357 
rCBV 813 010 10 86 0.11 
tMTT 391 004 368 0.05 
rCVR 108 0.01 0.84 002 
GM_TH rCBF 127 70 2.07 197 70 597 
rCBV 9.00 016 998 0.17 
rMTT 4,49 006 4.32 0.06 
rCVR 114 002 109 003 
WM rCBF 58.02 0.37 79.44 083 
rCBV 503 005 559 003 
rMTT 5 50 005 5.32 004 
rCVR 2.48 0.10 215 0.02 














Left hemisphere 
Control Remifentanil 

P-valoe Mean SEM Mean SEM P-value 
* 140 24 176 200 31 353 s 
t 942 013 10,99 O11 x 
* 428 0.04 436 0.06 NS 
* 110 0.01 099 002 * 
* 123 98 141 201 82 350 i 
* 925 012 12.16 015 * 
NS 4.75 005 4.76 006 NS 
* 122 002 1,09 002 a 
* 147.23 1 82 193 22 3.03 a 
* 9 64 O11 12.02 0.13 + 
ad 4.37 0.04 4.76 005 . 
x L11 001 102 0.02 * 
= 144 15 1.84 213.36 342 * 
es 861 0.10 10 88 0.12 * 
* 3.88 005 377 0.05 * 

1.01 0.01 0.86 002 * 
* 133.95 201 186 46 508 * 
* 9.98 021 10.28 017 * 
* 469 008 445 0.09 t 
a 108 0.02 109 003 a 
* 57 08 0.39 71 53 069 + 
* 4.87 004 582 0 04 is 
hd 5.44 004 5 48 005 NS 
* 245 0.02 2.07 002 * 
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Mean (SEM) (ml 100 mi-tmin-1) 


QGM_FR GM_OC GM_PA GM_ST GM_TH WM 
Regional cerebra! blood flow (rCBF) 


Fig 2 Interhemispheric differences in regional cerebral blood flow nearly 
eliminated by remifentanil] (GM_FR~grey matter, frontal, GM_OC~grey 
matter, occipital; GM_PA~grey matter, parietal; GM_ST-grey matter, 
striatal, GM_TH-grey matter, thalamic, WM-—white matter). 
*Significance P<0 001. Values are given as mean (SEM). 


rCBV 


In grey matter, rCBV ranged from 8.1 (SEM 0.5) to 10.7 
(0.1) ml 100 ml’, whereas rCBV white matter was 5.0 
(0.1) ml 100 ml” at baseline (Table 3). Remifentanil 
infusion increased rCBV in all regions studied. The increase 
was most pronounced. in striatal, occipital and parietal 
rCBV, with the least change found in thalamic rCBV. 
Although the increase in white matter rCBV was slightly 
higher than in thalamic rCBV, white matter rCBV was at all 
times lower than grey matter rCBV, independent of both 
remifentanil and hemisphere. rCBV showed interhemi- 
spheric differences at baseline. Left-hemispheric rCBV was 
higher in striatal and thalamic grey matter but lower in 
parietal, frontal and occipital grey matter as compared with 
right-hemispheric rCBV. During remifentanil infusion, only 
left parietal rCBV remained lower than right-sided, but de 
novo left hemispheric white matter rCBV had become 
higher than right-hemispheric (Table 3). 


rMTT 


rMTT ranged from 3.80 (SEM 0.05) s to 4.80 (0.04) s in grey 
matter and was 5.50 (0.05) s in white matter at baseline 
(Table 3). Remifentanil diminished rMTT in most regions 
except occipital left frontal grey and left white matter. 
Interhemispheric rMTT differences in frontal grey matter 
were, in contrast to parietal grey matter, eliminated by 
remifentanil (Table 3). 


rCVR 

rCVR ranged from 1.03 (SEM 0.01) - to 2.48 (0.10) - 10* Nm? 
min at baseline (Table 3). Remifentanil diminished rCVR in 
all regions (Table 3). 


Discussion 

In the present volunteer study, remifentanil (0.1 pg kg” 
min`’) increased rCBF and rCBV in grey and white matter 
regions. rMTT was decreased in most regions with the 
exception of occipital grey matter, whereas rCVR was 
decreased in all regions. Moreover, administration of 
remifentanil eliminated most of the interhemispheric dif- 
ferences present in rCBF, rCBV and rMTT at baseline. 

The reported effects of opioids on human cerebral 
haemodynamics range from increase??? to decrease? ?s 
to no change at all.!”?7?8 Several theories on how opioids 
influence cerebral haemodynamics are currently discussed 
in the literature. 

First, any increase in Paco, due to opioid-induced 
ventilatory depression should cause cerebral vasodilation, 
thereby leading to increases in CBF and CBV.” 
Cerebrovascular reactivity to CO, has been shown to 
remain intact during administration of remifentanil in 
humans.”® In the present study, normocapnia was meticu- 
lously controlled by Etoo, which correlates well with 
Paco, °°? Therefore, it is unlikely that Paco,-induced 
cerebral vasodilation influenced rCBF or rCBV measure- 
ments during remifentanil infusion. 

Second, opioids, especially when given as a bolus, may 
decrease MAP, which leads to autoregulatory cerebral 
vasodilation.” * Using a continuous infusion of remifenta- 
nil in our volunteers, we observed a decrease in heart rate 
but not in MAP. Autoregulative vasodilation is therefore 
unlikely as the underlying mechanism for the observed 
increase in rCBF and rCBV, especially as autoregulation is 
not affected by remifentanil. 

In mammatian brain (e.g. rat, cat, human), although in 
lower density than in pain-processing areas, opioid 
receptors are present in the walls of cerebral vessels*° and 
perivascular tissue.” Consequently, another theory specu- 
lates that opioids modulate cerebral haemodynamics 
through opioid receptor-mediated direct action on vascular 
smooth muscle cells.°°>” In more recent studies, however, 
modulation of other vasoactive systems (e.g. NO, 
prostanoids?’ or vasopressin*’) by opioids as well as direct 
metabolic and excitatory effects?!" seem to be of greater 
significance. 

In the present study, rCVR was calculated simply from 
the ratio of MAP to rCBF. This simplification is justified as 
each volunteer served as his own control and none of the 
volunteers showed clinical signs or MRI findings of 
intracranial pathology. The observed decrease in rCVR 
during remifentanil infusion prompted a corresponding 
increase in rCBV. The present data, however, did not permit 
discrimination between opioid receptor-mediated direct 
vasodilation and vasodilation by opioid modulation of 
other vasoactive systems. 

rMTT defines the average time needed by a tracer to 
transit the region of interest.27° In the present study, 
remifentanil increased rCBF and rCBV but decreased 
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rMTT in all regions except occipital grey matter. As rMTT 
equals the ratio of rCBV to rCBF, the observed decrease in 
rMTT reflects a relatively greater increase in rCBF than in 
rCBV. 

The most likely explanation for this extra increase in 
rCBF is increased demand, which can not be fully met by 
the simultaneously present vasodilation. It is entirely 
possible that this increased rCBF reflects a kind of 
imbalance ın the inhibitory vs excitatory relationship of 
neuronal networks — so-called disinhibition — such as 
remifentanil in low doses decreases the activity of inhibitory 
but not excitatory input to neurons. Accordingly, the 
greatest tendency of both rCBF and rCBV to increase was 
seen in -opioid receptor-rich brain structures. 

A different kind of imbalance between inhibitory and 
excitatory neuronal input is also described for the transition 
from the awake to the sleeping state when introducing 
inhalation anesthetics. For example, for sevoflurane, 
Olofsen and Dahan** demonstrated during this transition 
in consciousness, enhanced EEG activity, which can be 
designated ‘cerebral excitement’. Accordingly, evidence of 
such cerebral excitement caused by opioids is given by 
several studies reporting increased cerebral metabolism and 
CBF in unanesthetized animals (e.g, rabbit‘? and mon- 
key”). 

If the observed sensation of warmth, feeling of comfort 
and the reported dreams of our volunteers were an 
expression of opioid-mediated cerebral excitement, this 
could explain why rCBF as well as rCBV also significantly 
increased in other brain regions less rich in opioid receptors 
Although metabolic parameters were not measured in the 
present study, it is entirely possible that, in awake individ- 
uals, cerebral excitement and/or disinhibition increase 
cerebral haemodynamics more than that by a purely 
vasomotoric effect of remifentanil. Causing disinhibition 
and excitement before depression seems to be a general 
characteristic of hypnotics and general anaesthetics. 

In the case of opioids, a dependency on both dose and 
background medication for cerebral excitement and disin- 
hibition most likely exists. Paris and colleagues*® thus found 
an ~10-20 times higher dose of remifentanil had no 
influence on CBF velocity, and an ~50 times higher dose 
even diminished CBF velocity in anesthetized cardiac 
patients. In contrast, in healthy spontaneously breathing 
volunteers without background medication, Mayer and 
colleagues?’ found an ~50 times higher dose of sufentanil 
to have no influence on rCBF. 

Therefore, opioid-related cerebral excitement and/or 
disinhibition causing increases in cerebral haemodynamics 
decrease as the dose of the opioid increases. This decrease in 
cerebral excitement and/or disinhibition ıs further acceler- 
ated by background medication. As soon as opioids alone or 
in combination with background medication enter the fields 
of metabolic depression, cerebral excitement and/or disin- 
hibition no longer occur and cerebral haemodynamics 
consequently decreases.” 


In a PET study, Perlmutter and colleagues*® reported 
regional asymmetry of CBF, CBV and CMRO2 in right- 
handed normal subjects. Similarly, ın our right-handed, 
normocapnic volunteers, interhemispheric differences in 
rCBF were found at baseline. Differences in study design 
(e.g. on-line controlled normocapnia in our study vs 
normocapnia controlled by intermittent blood—gas sam- 
pling**) might explain our different findings in mterhemi- 
spheric rCBV. Technical differences originating from the 
use of PET*® and MRI are a further explanation, as 
Ostergaard and colleagues'© showed PET-CBV values to 
significantly differ from MRI-CBV values, which supports 
the hypothesized sensitivity of MRI to small vessels. The 
previously shown impact of the arterial input function on 
quantitative evaluation of contrast media-enhanced MRI 
perfusion measurements is further attributed to the differ- 
ences between MRI and PET perfusion values.” 
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Enoximone and enoximone sulphoxide concentrations were measured in plasma of 20 infants, 
median age 6.0 (range 0.6-49.7) weeks, during and after prolonged continuous infusions. 
Patients were given enoximone | mg kg”! and an infusion at 10 ug kg! min™' just before being 
weaned from cardiopulmonary bypass (CPB). The infusion was stopped when clinically 
Indicated, after a median 97 (range 24-572) h. Arterial blood samples were taken 30 min and 
12 h after CPB, every 24 h during the Infusion, and then 2, 4, 8, 12 and 24 h after the infusion 
was stopped. Pharmacokinetic non-compartmental analysis was performed using TOPFIT soft- 
ware. Fourteen patients who retained normal hepatic function had a median (95% confidence 
intervals) clearance of 9.7 (6.3-14.1) ml min“! kg”, elimination half-life of 5.2 (2.4-6.8) h and a 
volume of distribution of 3.6 (2.0-5.7) litre kg". The sx patients with significant hepatic dys- 
function had a lower clearance, 5.7 (2.4-14.5) ml min“! kg`', and significantly longer elimination 
half-life, 7.6 (6.5~—10.9) h (P=0.02). Enoximone sulphoxide ellmination half-life was significantly 
prolonged in three patients with renal dysfunction, 16.2 (10.5-17.7) h versus 6.9 (6.1-9.4) h 
(P=0.03). These results confirm that enoxlmone pharmacokinetics In infants is similar to that 
found in adults. The Infusion rate of enoximone should be reduced If hepatic or renal dysfunc- 


tion supervenes. 
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Enoximone, a selective phosphodiesterase inhibitor, has 
significant inotropic and vasodilating properties that have 
proved useful in the postoperative management of infants 
and children having cardiac surgery.! The inotropic effects 
produced by enoximone are additive to B,-adrenoreceptor 
agonists such as dobutamine? and epinephrine.?* 
Enoximone does not require adrenergic receptors for its 
action so is particularly useful in patients with heart failure, 
who may have f,-adrenoreceptor downregulation. One 
clinical study involving six adults in severe congestive heart 
failure who were given a single injection of enoximone, 
found a median steady-state volume of distribution of the 
parent drug of 4.2 (range 2.1~8.0) litres kg“! and a median 
terminal elimination half-life of 6.2 (3.0-8.1) h.? Another 
study of adults in heart failure who received enoximone by 
infusion for 24 h, followed by a 12 h washout period, has 
demonstrated similar results.° There are no comparative 
data available for infants or children. 

Enoximone is primarily metabolized in the liver by 
oxidation to enoximone sulphoxide. In a study of six adult 


patients with severe congestive heart failure, 74% of a single 
intravenous dose of enoximone was excreted in urine over 
the following 24 h as the sulphoxide metabolite, together 
with 0.5% of the parent drug.” The median terminal 
elimination half-life for the sulphoxide metabolite in these 
patients was 7.6 (range 6-11) h. Accurate in vivo deter- 
mination of metabolite potency in humans is made some- 
what problematic by the reversibility of enoximone 
metabolism, as reduction of enoximone sulphoxide to 
enoximone can occur both in kidney and liver. An 
experimental study in dogs suggests that the potency of 
the metabolite is about one-seventh that of the parent drug.’ 

For over 10 years, enoximone has been used as one of our 
first line inotropic drugs in infants and children recovering 
from cardiac surgery, though our dosage regimen has until 
now been based solely on paediatric clinical studies and 
published adult pharmacokinetic data. However, as no 
pharmacokinetic studies have been carried out in children, 
there remains some uncertainty as to the optimal loading 
dose and subsequent infusion rates of the drug. It is a tribute 
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to the drug’s wide therapeutic ratio that we continue to use 
it, despite knowing so little about its distribution and 
clearance in sick children. Nevertheless, there are potential 
dangers in giving too much enoximone: reported adverse 
effects include hyperosmolality® and hypotension.? One 
study of healthy adults demonstrated a significant correl- 
ation between the plasma concentration of both enoximone 
and its sulphoxide metabolite and effects on contractility. 1° 
Subsequent clinical studies have been unable to confirm this 
relationship in adults with cardiac failure® or in patients 
recovering from cardiac surgery,'!!* though plasma con- 
centrations between 1000 and 2000 ng mI” appear to be 
related with maximal clinical effects. One aim of our study 
was to discern whether we were achieving similar thera- 
peutic plasma concentrations when using our standard 
dosage regimen. We also wished to determine whether 
enoximone pharmacokinetic values in infants were signifi- 
cantly different from those previously described in adults. 


Methods 


With local Ethics Committee approval and informed written 
parental consent, 20 infants who required inotropic support 
following cardiac surgery were studied, All infants had 
amethocaine gel applied to two small areas of skin 45 min 
preoperatively, but no other premedication was given. 
Anaesthesia was induced with thiopental 4 mg kg! and 
neuromuscular block produced with vecuronium 0.2 mg 
kg h`. Alfentanil 10 ug kg"! was given over 5 min before 
commencing an i.v. infusion at 2 pg kg! min). Midazolam 
0.2 mg kg” was injected into the bypass pump prime. 
Isoflurane (0.5%), in a mixture of air and oxygen, was given 
before and after cardiopulmonary bypass (CPB). Femoral 
arterial and central venous cannulae, a urinary catheter, 
temperature and oximeter probes were placed before 
surgery commenced. 

A I-ml arterial blood sample was taken during rewarming 
on CPB (zero control). Approximately 10 min before the 
anticipated discontinuation of CPB, a loading dose of 
enoximone 1 mg kg™! was given over 2 min into a central 
vein. An infusion of enoximone 10 ug kg™ min”! was then 
started. A l-ml blood sample was taken 30 min after 
successful weaning from CPB. Further samples were taken 
12 and 24 h after CPB, and then every 24 h until the infusion 
was stopped. Clinical criteria determined when the 
enoximone infusion was discontinued. Another blood 
sample was taken immediately before stopping the infusion, 
and then at 2, 4, 8, 12 and 24 h. All blood samples were 
obtained from the arterial cannula, centrifuged, the serum 
separated and stored at —-22°C until assay. 

In addition to routine haemodynamic, haematological and 
biochemical monitoring, serum osmolality was measured 
each day in patients receiving infusions lasting > 48 h. This 
was compared to calculated values and the osmolal gap 
recorded. From the second postoperative day and thereafter, 
all patients had liver function tests measured daily for the 


duration of their enoximone infusion. Patients who had 
alanine aminotransferase and unconjugated bilirubin con- 
centrations more than twice the normal values for >24 h 
were deemed to have significant hepatic dysfunction. 
Patients were deemed to have significant renal dysfunction 
if their serum creatinine concentration increased to more 
than twice the normal values for >24 h, and their urine 
output was <0.5 ml kg” h`’ for >6 h despite diuretic therapy 
and a normal blood pressure for their age. 

The concentrations of enoximone and enoximone sulph- 
oxide in the serum samples were determined using a high- 
performance liquid chromatographic (HPLC) technique, as 
described previously by Chan and co-workers.!? The 
method involves addition of internal standard and organic 
solvent extraction, followed by separation with HPLC and 
detection by ultraviolet absorption. The assay range for both 
enoximone and enoximone sulphoxide was 50-3000 ng 
ml~'. The coefficients of variation for enoximone at the 
level of the lowest and highest standards were 2.4% and 
2.8%, respectively. The coefficients of variation for 
enoximone sulphoxide at the level of the lowest and highest 
standards were 0.4% and 2.4%, respectively. The lower 
limit of quantification (LLQ) for both enoximone and 
enoximone sulphoxide was 50 ng ml”. 

Pharmacokinetic parameters for enoximone and enox- 
imone sulphoxide were determined by non-compartmental 
analysis using TOPFIT computer software (Gustav Fischer 
Verlag, Stuttgart, Germany). The elimination rate constant 
(A,) was calculated by log linear regression of the terminal 
portion of the plasma drug concentrationtime curve using 
the method of least squares. The terminal elimination half- 
life (fz) for enoximone and enoximone sulphoxide was 
calculated from In 2/A, The area under the drug—time curve 
(from time=0 to infinity; AUC) was determined by the log- 
linear trapezoidal rule. Clearance (CI) of enoximone was 
calculated from dose/AUC, where dose is the product of 
infusion rate, infusion duration and weight of individual. 
Calculation of the volume of distribution at steady-state 
required an accurate calculation of mean residence time. 
However, our data set was too complex to be analysed by 
normal non-compartmental analysis, and our calculations of 
mean residence time produced many obviously anomalous 
results. Hence, we have simply reported the volume of 
distribution during the elimination phase, calculated as the 
product of Cl and 1/A,. 

The Mann-Whitney test (SPSS for Windows, version 
10.0) was used to compare pharmacokinetic parameters in 
patients with severe hepatic or renal dysfunction with those 
in patients with no evidence of organ dysfunction. Kendall’ s 
tau-b rank-order correlation coefficient was used to assess 
associations between age and calculated pharmacokinetic 
parameters. Partial correlations, controlling for hepatic 
dysfunction, were used to assess associations between 
duration of infusion or age and calculated pharmacokinetic 
parameters, and between age and peak concentration. 
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Table 1 Details of individual patients Organ ‘dysfunction’ sigmfies that biochemical markers of hepatic function were markedly deranged (H, hepatic) or that 
the patient was oliguric and serum creatinine was high (R, renal). TGA, transposition of the great arteries; TAPVC, total anomalous pulmonary venous 
connection; VSD, ventricular septal defect; ASD, atrial septal defect, HLHS, hypoplastic left heart syndrome, COR, cor triatriatum; FALLOT, tetralogy of 
Fallot, PA, pulmonary atresia; MVD, mitral valve disease IQR, interquartile range 











Patient Age (weeks) Weight (kg) Duration of tnfusion (h) Hepatic or renal dysfunction Diagnosis 
1 06 35 92 - TGA 
2 0.7 48 572 H+R TAPVC 
3 09 38 94 - TGA 
4 11 31 116 z TGA 
5 16 34 24 - TGA 
6 17 3.6 312 - TGA, VSD 
7 23 41 551 - TGA 
8 37 39 167 H VSD, ASD 
9 4.1 31 98 - TGA 
10 46 3.1 114 - HLHS 
i 14 3.9 94 - COR, VSD 
12 9.6 71 139 - FALLOT 
13 13.0 47 478 H+R PA, VSD 
14 16.7 5.4 28 - ASD, VSD 
15 17.1 5.2 24 - VSD 
16 17.4 34 124 H VSD 
17 234 53 71 H FALLOT 
18 34.7 5.2 96 - FALLOT 
19 357 72 93 z FALLOT 
20 497 56 46 H+R MVD 
Median 60 4.0 97 
IQR 157 1.9 83.8 
(range) (0.6-49.7) (3.1-7.2) (24-572) 
Results Enoximone pharmacokinetics for those patients with 


Individual patient details are given in Table 1. Six patients 
had significant hepatic dysfunction and three patients 
significant renal dysfunction during the course of the 
infusion. Although there was no significant correlation 
between age and any calculated pharmacokinetic param- 
eters, we found a significant correlation between age and 
peak concentration, after controlling for hepatic dysfunction 
(P=0.03). There were no significant correlations between 
duration of infusion and any calculated pharmacokinetic 
parameters, when controlling for hepatic dysfunction. The 
plasma concentration of enoximone 30 min after disconti- 
nuation of CPB, peak concentration of enoximone, and 
calculated pharmacokinetic parameters for each patient are 
given in Table 2. At 30 min after discontinuation of CPB, 
plasma concentrations of enoximone ranged between 440 
and 1316 ng mi”. Enoximone concentrations measured 12 h 
after CPB reached our target ‘therapeutic’ range (1000~ 
2000 ng ml”) in 10/12 patients (samples were unobtainable 
at this time in eight patients due to logistical problems). In 
those 14 patients who retained normal hepatic function 
throughout the duration of their infusion, plasma concen- 
trations of enoximone measured just before stopping the 
infusion were not significantly different to those measured 
after just 24 h of infusion, that is there was no evidence of 
drug accumulation. The median plasma concentrations 
(with 95% confidence intervals) of enoximone and enox- 
imone sulphoxide measured at 24 h intervals during the 
infusions, for all patients, are given in Table 3. 


organ dysfunction are compared to those who retained 
normal hepatic and renal function throughout their infusion 
in Table 4, There was no significant difference between the 
median volume of distribution during the elimination phase 
in patients with and without hepatic dysfunction. Although 
the median clearance in patients with hepatic dysfunction 
was lower than in those retaining normal hepatic function, 
this difference did not achieve statistical significance. 
Elimination half-life was significantly prolonged in patients 
with hepatic dysfunction compared to the other patients 
(P=0.02). The median peak enoximone concentration in the 
six patients with hepatic dysfunction (2974 ng ml‘) was 
much higher than in the other patients (1483 ng ml”), 
though this did not achieve a statistically significant 
difference. Only patients with hepatic dysfunction had 
peak enoximone concentrations that exceeded 3000 ng mI™!, 
An illustration of the marked difference between the 
enoximone concentrations measured in a patient with 
hepatic dysfunction, and one with normal hepatic function 
is given in Fig. 1. The median elimination half-life for 
enoximone sulphoxide in the three patients with renal 
dysfunction (16.2 h) was significantly longer than in the 
other patients (6.9 h, P=0.03). 

The platelet count of all patients decreased after surgery, 
from a median value of 108 000 ml” 24 h post-CPB to a low 
of 73 000 ml” by day 4, but returning back spontaneously to 
>95 000 ml™ by day 5 of the infusion. Measured serum 
osmolality exceeded 330 mOsm kg™, and the osmolal gap 
increased transiently to between 20 and 44 mOsm kg” in all 
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Table 2 Enoxumone concentration 30 min after weaning from cardiopulmonary bypass (CPB), peak enoximone concentration, and calculated pharmacokinetic 
parameters for each individual patient NS, not sampled, IS, msufficient samples. IQR, interquarule range. 95% CI = 95% confidence intervals for the median 


Patient Enoximone conc. Enoximone Volume of Clearance (CI) Elimination half- Enoximone sulph- 
30 min post-CPB conc. (ng mI”) distribution (ml min kg’ life (t) h) oxide elimination 
(ng mI) (Vd) (litre kg”) half-life (h) 

1 695 2608 17 43 46 63 

2 510 4375 4.0 4.2 10.9 17.7 

3 NS 2760 3.1 6.3 5.6 7.1 

4 440 801 2.0 162 1.4 29 

5 529 708 155 189 9.4 6.7 

6 884 2939 31 4.0 90 8.4 

7 718 1468 5.4 92 6.8 8.0 

8 718 6893 17 2.4 79 175 

9 NS 1815 57 10.3 63 115 

10 NS 1757 44 129 4.0 9.4 

i 600 1213 4.1 9.6 4.9 74 

12 632 960 83 141 68 117 

13 1316 5272 1.8 29 73 10.5 

14 496 1151 3.5 9.8 41 5.4 

15 596 1089 21 10.4 24 50 

16 NS 1211 10.6 14.5 85 64 

17 782 1574 4.1 72 6.6 61 

18 685 1498 3.6 7.7 5.5 6.6 

19 710 1604 14 75 21 IS 

20 470 1357 52 9.3 6.5 16.2 

Median 658 1536 38 9.2 64 J 

IQR 248 1556 33 75 35 52 

95% CI 510-778 1211-2608 21-52 6.3-10 4 4.6-7.3 6.3-115 


Table 3 Median (95% confidence intervals) plasma concentrations of enoximone and enoximone sulphoxide during constant rate mfusion at 10 pg kg 
min“, Duration of infusion was determmed by clinical cntera alone. Sampling was not performed at all posmble tumes in all patients for logistical reasons 


Time (h) from starting infusion 


12 12 990 (696-2065) 2812 (1840-5941) 
24 16 1363 (960-2343) 2912 (2175-6523) 
48 14 1349 (1039-2429) 3736 (2163-10 488) 
72 12 1727 (1128-2760) 3662 (1826-8395) 
96 10 1464 (581-3218) 3752 (935-8479) 
120 6 2939 (592-3794) 7047 (1529-9774) 
144 5 1627 (562~3194) 3768 (1405-9066) 
168 5 2148 (677-5272) 2645 (1078-5081) 


Number of patients Enoximone concentration (ng mi’) 


Enoximone sulphoxide concentration (ng mI”) 





six patients with hepatic or renal dysfunction for up to 72 h. 
There were no other adverse effects that could reasonably be 
attributed to the enoximone therapy. All patients in the 
study made a full recovery from their surgery and were 
subsequently discharged from hospital. 


Discussion 

The median values calculated for enoximone clearance and 
elimination half-life in infants in this study were very 
similar to those previously found in adults. Although there 
are no directly comparable adult data, enoximone clearance 
in adults in chronic congestive cardiac failure ranged 
between 7 and 16 ml min” kg™ and the elimination half- 
life between 4 and 7 h.°!* Although we were unable to 
calculate the volume of distribution at steady-state in our 
patients, our median value for volume of distribution during 
the elimination phase, 3.8 (95% CI 2.1-5.2) litres kg! is 


very similar to previously documented adult values (range 
3.5-9.2 litres kg“). 

This is the first study to examine enoximone pharmaco- 
kinetics in infants, and also the first to examine drug 
concentrations during and after prolonged infusions in any 
age group. Previous adult pharmacokinetic studies have 
been performed only after single intravenous injections or 
short infusions (<48 h).°'°'''5'© In our study, the 
enoximone infusion was stopped when the patient’s general 
condition, and ventricular function in particular, had 
improved sufficiently such that inotropic support was no 
longer required. If a patient required more than one 
inotropic drug, enoximone was always the last one to be 
discontinued. Inevitably, therefore, the patients receiving 
the most prolonged infusions of enoximone were, by 
definition, the patients who were sickest for the longest 
time period. However, there was no significant correlation 
between duration of infusion and calculated pharmacoki- 
netic parameters. Nevertheless, we observed very high 
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Table 4 Median (95% confidence intervals) values of calculated pharmacokinetic parameters and peak enoximone concentration in patients with and without 
hepatic and renal dysfunction. Hepatic dysfunction was deemed to have occurred when concentrations of both alanine aminotransferase and unconjugated 
bilirubin were more than twice normal values for >24 h. Renal dysfunction was defined as a msing serum creatinine concentration >100 umol litre”! for >24 h, 
together with a urne output of <0.5 ml kg™ b™ for >6 h despite diuretic therapy and a normal arterial pressure. We were unable to obtain sufficient samples 
in one patient to perform the ES he calculation Vd, volume of distribution; Cl, clearance; EN ty, elummaton half-life of enoximone, ES thy ehmination half- 


life of enoximone sulphoxide *Significant difference between groups (P<0,05) 



























Patients with normal Patients with hepatic Patients with normal Patients with renal 
hepatic function (n=14) dysfunction (2=6) renal function (7=16) dysfunction (n=3) 
Vd (litre kg) 3.6 4.1 - — 
(2.0-5.7) (1.7-10.6) 
Cl (ml min” kg’) 9.7 5.7 . a 
(6.3—14 1) (2 4-14 5) 
EN fy; (h) 52 76* s = 
(2.4-6.8) (6.5-10.9) 
Peak conc, (ng mI”) 1483 2974 - — 
(960--2608) (1212-6893) 
ES ty, h) - - 6.9 162* 
(6.1-9.4) (10 5-17.7) 
in hepatic microsomal enzyme metabolic activity and/or a 
5000 hepatic dysfunction decrease in hepatic blood flow. The latter explanation seems 
F Giana more likely, as these perturbations usually occurred in the 
g 4000 first 24-48 h after surgery, when cardiac output was 
tä Infusion particularly labile and vasoconstrictor inotropic drugs 
5 S099 |scpped were also being used. Our criteria for a patient to be 
Osan deemed as having hepatic dysfunction were relatively strict, 
S though somewhat arbitrary: our measures of liver function 
¥ 1000 had to rise to more than twice normal values for >24 h." 
5 One clinical study in adults has demonstrated that low 
0 sulphoxidation activity does not correlate with the degree of 
0.5 12 24 36 48 72 96 120144 4 8 12 24 — hyperbilirubinaemia or histological severity of liver disease, 
Time (h) after CPB Pla Har and may even occur in otherwise normal individuals." 


Fig 1 Plasma concentrations of enoximone in two infants receiving a 
constant infusion of enoximone 10 pg kg”! min” after cardiac surgery. 
One patient (squares) had severe hepatic dysfunction for 3 days after 
surgery, causing a temporary increase im plasma enoximone 
concentration These very high concentrations are in contrast to those 
measured in the other patient (curcles) who retained normal hepatic 
function throughout. 


plasma drug and metabolite concentrations in some sick 
patients at various times during their infusion. However, by 
the time the infusion was stopped, drug concentration had 
usually returned to near target levels. We observed no 
significant increase in plasma concentration during infu- 
sions of 72—144 h duration in those infants retaining normal 
hepatic and renal function. This suggests that an enoximone 
infusion rate of 10 ug kg™! min“! does not usually result in 
drug accumulation in neonates or infants who have normal 
hepatic function. 

All patients who exhibited peak enoximone concentra- 
tions >3000 ng mI’ demonstrated marked biochemical 
evidence of hepatic derangement. Clearance values of 
enoximone suggest that enoximone metabolism will be 
affected both by hepatic blood flow and by microsomal 
activity. A transient increase in drug plasma concentration 
during a constant rate infusion must reflect either a decrease 


Nevertheless, the six patients who fulfilled our criteria for 
hepatic dysfunction had a reduced clearance rate and a 
significantly longer elimination half-life than the other 14 
patients. As the neonate has reduced microsomal enzyme 
function compared to the older infant,” we were not 
surprised to find a significant correlation between age and 
peak concentration, after controlling for hepatic dysfunction 
(P=0.03). However, we were unable to demonstrate any 
significant correlation between age and any calculated 
pharmacokinetic parameter, after controlling for hepatic 
dysfunction, 

The criteria we used to determine whether a patient 
should be deemed as having renal dysfunction were similar 
to those we normally use as indications for peritoneal 
dialysis, that is a rising creatinine >100 pmol litre’ and a 
urine output <0.5 ml kg h`! for >6 h despite diuretic 
therapy and a normal arterial pressure. Only patients who 
had very poor renal function and required peritoneal dialysis 
demonstrated serum concentrations of enoximone sulph- 
oxide >10 000 ng ml” at any time during their infusion. 
Prolonged elimination of the metabolite was demonstrated 
in all three patients with severe renal dysfunction. 

There is one case report of an infant becoming 
hyperosmolar secondary to an enoximone infusion given 
at 20 ug kg! min” for several days.’ This was thought to be 
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due to propylene glycol accumulation, though the 
diluent also contains alcohol, which could have added 
to the problem. We both measured and calculated 
osmolality in all our patients who required prolonged 
infusions of enoximone, and found high transient 
osmolal gaps of 20-40 in six of our sickest patients, 
all of whom had hepatic dysfunction. No other patient 
exhibited an abnormal osmolal gap. Although this 
hyperosmolality may have been at least partially due 
to alcohol and propylene glycol, there were probably 
other contributing factors in these very sick infants. As 
vital organ function returned to normal, osmolal gaps 
similarly reduced to within normal limits, despite 
continuation of the same enoximone infusion rate. 

In accordance with a previous adult study, !° we could not 
demonstrate that enoximone produced clinically significant 
thrombocytopaenia. We believe that the post-CPB decrease 
in platelet count that we observed was similar to that often 
seen in sick patients not given enoximone, though a formal 
matched-pair comparison was not performed. Furthermore, 
although platelet counts decreased initially after CPB, they 
all returned spontaneously to normal values during the time 
course of the infusion. 

We have confirmed that a loading dose of enoximone is 
necessary to: achieve therapeutic concentrations in the early 
post-CPB period. The administration of the loading dose to 
the patient while still on CPB avoided any drug-induced 
hypotension. This study has demonstrated that enoximone 
1 mg kg™ given to the patient in the final few minutes of 
CPB will produce near therapeutic plasma concentrations 
in most patients by 30 min post-CPB, if an infusion at 
10 pg kg"! min” is started at the same time. Adult data 
suggest that the optimum dosage regimen is one that 
achieves plasma concentrations ranging between 1000 and 
2000 ng ml”’, though this has not been confirmed for the 
paediatric age group. Although worthwhile therapeutic 
effects can be achieved at lower plasma concentrations 
than these, we aim for the maximum possible inotropic 
effect. This is because enoximone has a wide therapeutic 
ratio and substantially reduces the likelihood of having to 
use other potentially more noxious agents at high dose. 
Nevertheless, there is no therapeutic benefit in producing 
very high plasma concentrations, although enoximone 
appears devoid of obvious adverse effects during short- 
term infusions. : 

We conclude, therefore, that our current dosage regimen 
for enoximone, a 1 mg kg” loading dose followed by an 
infusion at 10 ug kg” min”, appears suitable for most 
patients. However, hepatic dysfunction may induce transi- 
ent, very high concentrations in some individuals. Hence, 
we recommend that any clinical or biochemical indication 
of hepatic dysfunction should trigger a substantial reduction 
in the infusion rate. Similarly, isolated renal dysfunction 
resulting in oliguria should trigger a moderate reduction in 
the infusion rate. 
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We studied the effect of tramadol on the ventilatory response to 7 min acute Isocapnic hypoxia 
(Spo, 85.1 (sD 0.4)%) during steady mild hypercapnia (PE’co, 0.7 kPa above normoxic baseline) in 
14 healthy volunteers (seven male). The acute hypoxic response was measured before and | h 
after oral placebo or tramadol (100 mg). After tramadol, ventilation during mild hypercapnia 
(mean 11.28 litres min’) was significantly less (P<0.05) than during placebo baseline 
(13.93 litres min"), tramadol baseline (14.63 litres min”), or after placebo (14.95 litres min™'), 
confirming that tramadol has a small depressive effect on the hypercapnic ventilatory response. 
There was no significant difference In the hypoxic ventilation/Spo, response (I min™! %~') meas- 
ured during the placebo baseline (0.99), placebo (1.18), tramadol baseline (0.78) or tramadol 
(0.68) runs. These data suggest that tramadol does not depress the hypoxic ventilatory 


response. 
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Tramadol hydrochloride, licensed in the UK in 1994, is used 
for moderate acute and chronic pain. Although developed as 
a synthetic opioid, it has weak opioid receptor affinity’ with 
only ~30% of its antinociceptor and analgesic actions 
antagonized by naloxone.” Much of its action is due to 
inhibition of the reuptake of the monoamines serotonin and 
noradrenaline at synapses in the descending neural path- 
ways involved in analgesia.! Unlike other opioids, tramadol 
appears to be relatively free of the unwanted side effect of 
ventilatory depression causing only 10-15% reductions in 
normoxic ventilation and the hypercapnic ventilatory 
response?* compared with the 30-50% decreases which 
occur following a dose of morphine or pethidine of similar 
potency.’ >” However, the effect on the hypoxic ventilatory 
response is not known. 

We have therefore studied the effect of oral tramadol on 
the ventilatory response to acute isocapnic hypoxia in 
normal subjects. The hypoxic ventilatory response was 
measured on a background of mild hypercapnia to mimic 
the postoperative situation. In addition, we studied both 
men and women as sex-related differences have been found 
in the effect of morphine on ventilatory control in humans.° 


Subjects and methods 


Twenty healthy volunteers (nine males) gave written 
informed consent to participate in the study. None had a 
history of cardiorespiratory disease, or was receiving 
medication other than oral contraception at the time of 
study. The study was approved by the local Ethics 
Committees. 

Each subject attended the laboratory on three occasions. 
The first visit was for familiarızation. A medical history was 
obtained and the FEV, and FVC measured to confirm 
normal lung function. Subjects were then allowed to 
become accustomed to breathing through the facemask 
under normoxic, hypercapnic and hypoxic conditions. The 
second and third visits were study days and subjects were 
requested to fast for 3 h and to refrain from taking 
substances known to affect ventilation (e.g. caffeine) for a 
minimum of 8 h prior to study. On each study day the 
ventilatory response to hypoxia was measured before and 1 h 
after taking either tramadol 100 mg (ZYDOL, Searle) or 
matched placebo tablets. Drug and placebo study days were 
in random order and neither the subject nor assessor of 
ventilatory variable was aware of the treatment given. 
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Subjects sat and read during the 1-h period between studies. 
Experimental studies were scheduled for the same time of 
day in any individual subject to mimmize the effects of 
diurnal variation on the hypoxic ventilatory response. 
Females were studied within the first 10 days of a normal 
menses to ensure that they were not pregnant and to avoid 
the effect of increasing levels of progesterone in the luteal 
phase of the menstrual cycle. 

Subjects were studied in a semi-recumbent position in a 
well-lit room and listened to music via headphones. They 
were instructed to stay awake and were roused if they 
appeared to fall asleep. Subjects breathed through a 
facemask (Hans Rudolf, series 8930) which enclosed both 
nose and mouth, was sealed to the face with gel (Aqua Gel, 
Adams Healthcare, UK), and was connected to a low- 
resistance two-way valve. Inspiratory gas mixtures prepared 
from primary gases (oxygen, nitrogen, carbon dioxide) were 
delivered to the subject through a T-piece attached to the 
inspiratory port of the two-way valve. 

Ventilatory variables were recorded using methods 
described previously.” Expiratory gas passed via a heated 
pneumotachograph (Fleisch No. 2) through mixing and 
drying chambers to a Parkinson Cowan CD4 dry gas meter 
modified to give a digital signal. The integrated expiratory 
flow signal, which gave breath-by-breath tidal volume, was 
calibrated against the output of the CD4 gas meter every 
10 litres to correct the flow signal. A mass spectrometer (VG 
Spectralab M), calibrated with four gas mixtures of known 
oxygen, carbon dioxide, nitrogen and argon concentration, 
measured inspiratory and end-tidal oxygen (PEB’o,; kPa) and 
carbon dioxide (PE'co,, kPa) partial pressures at the lips. 
Pulse oximetry (Spo, %; Ohmeda Biox 3700, set to a fast 
averaging time of 2 s), and electrocardiogram (Hewlett- 
Packard 78351A) were measured continuously throughout 
the study. 

Breath-by-breath values of inspiratory time (Tp, s$) 
expiratory time (Tz, $), total breath time (Tror Ti + Tx, 
s), ventilatory frequency (=60/Tror, b.p.m.), tidal volume 
(Vr, litres BTPS), instantaneous minute ventilation 
(Vef X Vy, litres min”! BTPS), mean inspiratory flow 
(Vr : Ty litres s“'), and inspired and end-tidal partial 
pressures were digitized using an Olivetti PCS 286 
computer and stored on disk for off-line analysis. 

Oxygen consumption (litres min’ STPD) and carbon 
dioxide output (litres min™’ STPD) were measured from 
collections of mixed expired gas made over a 2-min period, 
and the gas exchange ratio calculated. Concentrations of 
oxygen and carbon dioxide were measured using a 
Servomex oxygen analyser (Servomex model 570A) cali- 
brated with air and 100% nitrogen, and a Gould capnograph 
(Mark IV) calibrated with four gas mixtures of known 
carbon dioxide concentrations, respectively. 

Composition of the inspired gas was controlled by three 
mass-flow controllers (Bronkhorst Hi-Tech Types F-202AC 
and F-201AC with Bronkhorst E7200-AAA power supply 
and contro] unit). These supplied accurately controlled 


flows in the range 0-10 litres s`! for carbon dioxide, 0- 
50 litres s“! for oxygen and 0-100 litres s for nitrogen. The 
gas input pressure for each controller was maintained at 
2 bar by means of precision pressure regulator (0-4 bar, RS 
components) attached to the inlet to each mass-flow 
controller. The output of the three controllers was passed 
through a mixing chamber before being presented to the 
subject. A computer (Elonex PT-5120/1) was interfaced with 
the mass-flow controllers via a digital-to-analogue converter 
(Amplicon PC24) and also with the data-acquisition com- 
puter. A custom-written program displayed graded flow 
scales representing the output of each of the mass-flow 
controllers and breath-by-breath values of end-tidal oxygen 
and end-tidal carbon dioxide on the Elonex PC monitor. 
Adjustment of the graded scales using the computer mouse 
altered the output of the mass-flow controllers so that the 
required gas. mixture delivered to the subject could be 
adjusted to achieve rapid, accurate changes in end-tidal 
partial pressures. 

Each hypoxic ventilatory response measurement lasted 
37 min. Subjects initially breathed room air for 15 min and 
duplicate measurements of oxygen consumption and carbon 
dioxide output were made between 8 and 13 min. The 
subjects then breathed a 21% oxygen mixture produced 
from the mass-flow controller system for a further 5 min to 
obtain a steady baseline. Mild hypercapnia was then 
induced for 10 min by increasing inspired carbon dioxide 
so that end-tidal Pco, was raised by 0.7 kPa above the 
previous baseline level. Inspired oxygen concentration was 
then decreased so that Spo, was reduced to 85% for 7 min. 
The end-tidal was maintained at 0.7 kPa above the initial 
baseline level throughout hypoxia. 

Mean values for all the ventilatory variables were 
calculated for each of the last 3 min of the baseline 
normoxic period, each of the last 3 min of the hypercapnic 
period, and each minute during hypercapnic hypoxia. In 
addition, mean values were calculated during the following 
3-min periods of each run: normoxia (3 min before the onset 
of hypercapnia); hypercapnia (3 min before the onset of 
hypoxia): hypercapnic hypoxia (the last 3 min of hypoxia). 
The hypoxic ventilatory response was calculated as the ratio 
of the changes in V_'™* and Spo, occurring between the 
periods of hypercapnia and hypercapnic hypoxia (Vg™" 
Spo,; litres min™! %7'). 

Group means and sp for imposed ventilatory variables 
and group means and 95% confidence limits (CL) for 
studied variables in the three measurement periods were 
calculated for each run. Student’s t-test was used to compare 
anthropometric data in men and women, and a paired t-test 
for within-run comparison of end-tidal Pco, during 
hypercapnia and hypoxia. Comparisons between runs for 
the group as a whole were made by one-way analysis of 
variance with post hoc comparisons made using the least 
significant difference method. Comparisons between runs 
for males and females considered separately were made 
using Friedman’s non-parametric analysis of variance. 
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Significance was set at P<0.05. Computations were made 
using SPSS version 9 for Windows. 


Results 


Of the 20 subjects recruited to the study, two subjects (one 
male) were withdrawn from the study after experiencing 
severe nausea after taking tramadol. Three female subjects 
were unable to return for day 3 of the study because of very 
irregular menstrual cycles. One further male subject com- 
pleted the study but had a markedly irregular breathing 
pattern in the final limb. The ventilatory variables could not 
be analysed accurately and the data from this subject were 
therefore excluded from the final analysis. Anthropometric 
data on the 14 subjects included in the analysis are given in 
Table 1. The men were significantly taller and had a higher 
BSA than the women, but there were no significant 
differences in age, weight, or calculated drug dose in 
mg kg. 

The pattern of ventilatory response was similar in all four 
limbs of the study. Ventilation increased slightly during 
mild hypercapnia, with a further substantial increase and 
little secondary decline during the 7 min of hypoxia (Fig. 1). 
Within runs, end-tidal Pco, was controlled, on average, to 
within 0.02 kPa of the hypercapnic level during hypercapnic 
hypoxia. End-tidal Pco, did not differ significantly between 
the periods of hypercapnia and hypercapnic hypoxia except 


Table 1 Means and sp or range for the subject details and drug dosage 
*Significant difference (P<0.05) between males and females 


Males Females 
n 1 7 
Age (yr) 20.6 (18-22) 21.3 (20-22) 
Heaght (cm) 179 (10) 168 (5)* 
Weight (kg) 73.7 (9 4) 650 (86) 
BSA (mô 19 (02) 17 (0.1)* 
Drug dose (mg kg’) 1.4 (0.2) 1.6 (0.2) 


in the period after tramadol when end-tidal Pco, was 
slightly but significantly greater during hypercapnic hypox- 
ia than hypercapnia alone (Table 2). The mean difference 
after tramadol was 0.04 and the maximum-recorded 
increase of 0.08 kPa is within the error of the measurement. 
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Fig 1 Oxygen saturation (Spo), instantaneous minute ventilation (Vz) 
and end-tidal Pco, (PE’co,) plotted against time for both placebo (lett- 
hand side) and tramadol (right-hand side) studies for baseline (open 
circles) and placebo or tramadol (closed circles). Mean values + sp for 
each I-min period are presented for the entire group Mean values for 
each variable were calculated for the last 3 mim of normoxia (Al), the 
last 3 min of hypercapnia (H1), and the last 3 min of hypercapnic 
hypoxia (H2) for each subject and used for comparison between runs 


Table 2 Means (sD) for the imposed variables for the studied variables in the three measurement penods for baseline, placebo and tramadol runs *Significant 


difference between hypercapnic and hypercapnic hypoxia periods 


Normoxia Hypercapnia Hypercapnic hypoxia 

Hod-tdal PCO, (kPa) 

Baseline 5.27 (0 48) 5.97 (0 52) 5.99 (0 48) 

Placebo 5.14 (0.46) 5 96 (0.51) 5 97 (0 48) 

Baseline 5.08 (0 46) 5 83 (0.38) 5 86 (0.37) 

Tramadol 539 (0.34) 5.82 (0 39) 5 86 (0 39)* 
End-tidal Pco, (kPa) 

Baseline 12.87 (2.37) 13 02 (2 17) 6.15 (061) 

Placebo 13 72 (0.57) 13.84 (0 63) 6.16 (0 65) 

Baseline 13 77 (0 80) 13 85 (0.81) 6.11 (0 90) 

Tramadol 13.49 (0 75) 13 54 (0.69) 6 07 (0 98) 
Spo, (%) 

Baseline 975 (0.7) 97.6 (0.7) 85.1 (03) 

Placebo 97.0 (07) 971 (05) 85.2 (0 3) 

Baseline 97.6 (0.7) 97 6 (0 6) 850 (05) 

Tramadol 975 (07) 97.4 (0 8) 85 1 (04) 
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Table 3 Mean (95% confidence limits) baseline metabolic values 
Oxygen consumption (litres min") 














Carbon dioxide output (litres min’) Gas exchange ratio 





Baseline 209 (183, 234) 163 (140, 186) 0.78 (0 74, 0 82) 
Placebo 205 (184, 225) 162 (140, 183) 078 (0.74, 0 83) 
Baseline 222 (190, 254) 179 (154, 204) 081 (0 78, 0 84) 
Tramadol 202 (173, 232) 158 (132, 180) 0.78 (075, 0.81) 








Table 4 Means (95% confidence limits) for the studied vanables ım the three measurement penods for baseline, placebo and tramadol runs *Indicates 
significant difference from placebo baseline, placebo and tramadol baseline values (P<0.05) 
Normoxia 


Hypercapnia Hypercapnic hypoxia 





Va” (htres mn’) 














Baseline 739 (6.43, 8.33) 13,93 (11.94, 15 93) 26.14 (20.00, 32 27) 
Placebo 772 (641, 8 53) 14.95 (12.67, 17.23) 28.99 (21 14, 36 83) 
Baseline 8 21 (7 31, 9.11) 14.63 (13 02, 16.23) 24.45 (21 25, 27 65) 
Tramadol 7 54 (6 48, 8.6) 11.28* (9 27, 13 29) 19.64 (15.24, 24.04) 
Vy (ttre) 
Baseline 0.50 (0.43, 0 56) 0.83 (0.72, 0 93) 131 (1.10, 1.52) 
Placebo 0 48 (0 42, 0.55) 0 85 (0.73, 097) 1.34 (1 10, 1.59) 
Baseline 0 52 (0 45, 0.58) 0.85 (0.73, 0.97) 1.31 (1.11, 150) 
Tramadol 045 (0.40, 0.49) 0 65* (0.56, 0 73) 1 02 (0.85, 1.19) 
f(pm.) 
Baseline 15.3 (13 1, 17.5) 17.2 (15 7, 19 2) 20 2 (16 9, 23 4) 
Placebo 16.8 (14.2, 19 4) 18.1 (15.8, 20 4) 21.8 (17.1, 26.5) 
Baseline 16.7 (14.1, 19.3) 18.1 (15.6, 20.5) 19 7 (16 8, 22.5) 
Tramadol 17.2 (14.5, 20 0) 17 8 (14.9, 20.6) 19.7 (16 2, 23.1) 
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Fig 2 Plots of the Vg™/Spo, relationship for the placebo (upper panel) E D. = 020 
and tramadol (lower panel) limbs of the study for the entre group A ~ o 
Baseline studies are shown as open circles and studies after placebo or & -2.5 & -25 
tramadol are shown as closed circles Data are given as mean values and Cee Before After a 30 Before After 


confidence intervals 


Fig 3 Plots of the individual Vp'™/Spo, relationships measured before and 
after ether placebo or tramadol The data are grouped for males (upper 
panel) and females (lower panels). A lesser slope indicates a decreased 
hypoxic ventilatory dnve 


There were no significant differences in oxygen con- 
sumption, carbon dioxide output or the gas exchange ratio 
between the four runs (Table 3). 

During normoxia there were no significant differences in 


the imposed variables between the four runs (Table 2), 
although end-tidal Pco, tended to be greater and end-tidal 
Pco, tended to be less after tramadol. Similarly, there were 
no significant differences between runs in the studied 


variables although Vg" and Vz tended to be less during the 
tramadol run (Table 4). During hypercapnia there were no 
Significant differences between runs in the imposed vari- 
ables (Table 2), but both Vy and Vg™ during the tramadol 
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run were significantly less than during either of the baseline 
runs or the placebo run (Table 4). During hypercapnic 
hypoxia there were no significant differences in either 
imposed or studied variables, although again Vz" tended to 
be less after tramadol. 

There was no significant difference between the Vg™*/ 
Spo, ratio for the placebo baseline (mean —0.99, CL -0.59, 
~1.40 litres min“! %7’), placebo (mean —1.18, CL -0.66, 
~1.70 litres min™' %-*), tramadol baseline (mean ~0.78, CL 
-0.57, -0.98 litres min“! %~'), and tramadol (mean -0.68, 
CL -0.43, -0.93 litres min“! %7') runs (Fig. 2). Similarly, 


, there were no significant differences in the Vg'""/Spo, ratios 


between the four runs when men and women were 
considered separately (Fig. 3). 


Discussion 

We have shown that a standard analgesic dose of tramadol 
in normal subjects had no significant effect on the acute 
ventilatory response to isocapnic hypoxia. During mild 
hypercapnia, Vg™* was significantly less after tramadol 
compared with either the baseline run or after placebo in 
spite of similar levels of end-tidal Pco,. This finding is 
consistent with a small effect of tramadol on the ventilatory 
response to hypercapnia.* Although tramadol did not have a 
significant effect on normoxic ventilation, the fact that Vg™“ 
and Vy tended to be ~10% less and end-tidal Pco, ~0.3 kPa 
greater after tramadol than during the tramadol baseline run 
is similar to changes reported previously in anaesthetized 
patients.?’ 

Studies were performed on two separate days because the 
5-h elimination half-life of tramadol’? meant that the order 
of the placebo and active drug runs could not be randomized 
if the studies were performed on the same day. However, the 
hypoxic ventilatory response is known to vary substantially 
within and between days.'! Individuals were studied at 
approximately the same time of day to minimize the effect 
of diurnal variation. To overcome the between-day vari- 
ability, a baseline study was performed on each day and the 
effect of placebo or tramadol compared with the respective 
baseline measurements. 

We were not able to measure serum tramadol concentra- 
tions to ensure that adequate concentrations had been 
achieved. A single oral dose of tramadol 100 mg given to 
fasting normal subjects is absorbed rapidly after an initial 


lag time of ~30 min, with serum concentrations reaching the « 


analgesic threshold of 100 ng litre! after ~40 min and 
reaching peak levels at 2 h. 10 However, there is considerable 
individual variability in bioavailability, with times for peak 
serum concentration varying between 1 and 4 h.'° In this 
study, the repeated measurements were started 1 h after drug 
administration so that the repeated hypoxic challenge 
occurred after ~90 min when serum concentrations would 
be approaching maximum in most subjects. While this 
ensured that the hypoxic ventilatory response was unlikely 
to be depressed as a result of previous hypoxic exposure, “ it 


is possible that peak serum concentrations had not been 
reached in some subjects. However, there was a reduction in 
hypercapnic Vp" of over 1.5 litres in nine out of 14 
subjects after tramadol, whereas this only occurred in two 
subjects after placebo suggesting that active levels of 
tramadol had been achieved in most subjects. It is therefore 
unlikely that low drug concentrations account for the lack of 
depression of the hypoxic ventilatory response. Although 20 
subjects were recruited, data were only obtained in 14 for a 
variety of reasons. Failure to detect a significant effect of 
tramadol on the hypoxic ventilatory response might there- 
fore be a type 2 statistical error. However, this is unlikely to 
be the explanation as the study had a power of 0.9 to detect a 
change in the Vg™"/Spo, ratio of 0.5. 

Dahan and colleagues® found a sex-dependent effect on 
the hypoxic ventilatory response which was independent of 
differences in weight, lean body mass, body surface area 
and calculated fat mass. In their study, morphine signifi- 
cantly reduced the initial ventilatory response to sustained 
hypoxia in women but not in men. We studied similar 
numbers of men and women. It was possible, therefore, that 
an effect in women was being masked by an absence of 
effect in the men. However, separate analysis of the results 
in seven men and eight women who completed the study 
showed no effect of tramadol on the initial hypoxic 
ventilatory response in either sex. 

The O-desmethyltramadol metabolite of the (+) enantio- 
mer of tramadol, produced by hepatic phase I metabolism by 
cytochrome P-450 2D6 (CYP2D6), has an affinity for the u- 
opioid receptor which is ~200 times that of the parent 
compound.** It is likely, therefore, that the bulk of any 
ventilatory depression would be mediated by this metabo- 
lite. Approximately 10% of the Caucasian population are 
phenotypically poor metabolizers'* and have a reduced 
analgesic effect of tramadol.!? If, by chance, most of our 
subjects were poor metabolizers, then this could explain the 
absence of effect on the hypoxic ventilatory response. This 
effect could contribute to our findings but is unlikely to be 
the only explanation as tramadol suppressed the hypercap- 
nic ventilatory response in nine out of 14 of our subjects. 

The lack of suppression by tramadol of the hypoxic 
ventilatory response contrasts with the 50-60% suppression 
produced by morphine. Unlike morphine, tramadol pro- 
duces its analgesic effects by a combination of low but 
preferential activity at p-opioid receptors,’ by inhibiting 
both noradrenaline and 5-hydroxytrypamine (5-HT) up- 
take,’ and by facilitating 5-HT release.!° The effects of 
these non-opioid actions of tramadol on ventilation are 
difficult to assess. A recent study showed that the 5-HT 
reuptake inhibitor fluoxetine caused a slight depression in 
resting ventilation in goats.! However, 5-HT can stimulate 
or depress ventilation depending on the subtype of receptor 
affected and the type of respiratory neurone activated.'” 
Catecholamines have a similar dual effect on ventilation 
depending in part on whether the action is central or 
peripheral. Catecholamines administered to the respiratory 
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neurones in the medulla usually cause depression, $ whereas 
systemic administration stimulates breathing’? and in- 
creases the ventilatory response to hypercapnia.” It is 
possible, therefore, that stimulation by 5-HT and noradrena- 
line offsets the opioid depressant effects of tramadol. The 
relative opioid receptor affinity of tramadol may also 
explain the ventilatory effects. In cats, depression of 
peripheral chemosensory discharge is mediated via 5 
receptors.”! Tramadol has modest affinity for -receptors 
but extremely weak 6 affinity. Tramadol may therefore 
suppress the ventilatory response to hypercapnia‘ via central 
-receptor activity leaving the peripheral component rela- 
tively intact. Studies with selective opioid receptor blockers 
would be required to confirm this. 

In conclusion, we have shown that tramadol, in a standard 
clinical dose, does not significantly affect the ventilatory 
response to hypoxia. However, tramadol reduced resting 
tidal volume and insignificantly reduced ventilation, resem- 
bling the effects reported by Vickers and colleagues? at a 
dose of 1 mg kg”. Seitz and colleagues* also showed that 
tramadol caused a moderate depression of the hypercapnic 
ventilatory response. The significant reduction in hypercap- 
nic ventilation after tramadol is in keeping with previous 
observations that tramadol causes a moderate depression of 
the hypercapnic ventilatory response,* and suggests that this 
suppression can be significant even at values which are only 
just above the normoxic resting level. 
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The quantification of the synergistic interactions (beneficial and adverse) of analgesic drug com- 
binations in humans has been elusive. We propose a new procedure based on analgesic 
requirements (i.v.-PCA) and pain intensity (VAS-Pl). One hundred and one post-hysterectomy 
patients received at the time of analgesia request (TAR) tramadol (100 mg, group |) or metami- 
zol (1.2 g, group Il) alone, or combined in 1:1 (HI), 1:0.3 (IV) or 1:3 ratio (V). After 15 min, they 
recelved the same treatment by PCA. VAS-PI, analgesic consumption and adverse effects were 
assessed at TAR, and periodically for 24 h. Data were analysed using interaction indexes and 
isobolograms. All treatments produced equivalent VAS-PI, per cent efficacy and adverse effects. 
When drugs were combined in a 1:1 ratio, synergy was present for the analgesic and adverse 


effects; all other treatments were additive. 
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Drug combinations are used widely in the treatment of acute 
and chronic pain, and constitute the basis for multimodal or 
balanced analgesia.’* The rationale for the use of drug 
combinations is to obtain effective analgesia while decreas- 
ing the incidence and severity of side effects. When two or 
more drugs are administered simultaneously, their various 
pharmacological effects can be manifested ındependently 
and, in this instance, no interaction occurs (i.e. additive 
effects). However, observed effects may be different (of 
greater or lesser intensity) from those expected, and synergy 
or antagonism is said to occur. In order to establish a 
clinically relevant drug combination, the interaction of 
drugs with respect to both beneficial and adverse effects 
should be estimated. 

One conventional means of evaluating drug interactions 
involves establishing the dose-response relationship of each 
drug individually and when combined in fixed dose ratios. 
From these experiments, isobolograms can be constructed 
which compare the doses of the drugs individually and in 
combination. The isobologram demonstrates the type of 
interaction in a manner that allows statistical evaluation.? 
Unfortunately, this experimental strategy 1s difficult to 
perform in humans, especially when evaluating analgesic 
drugs. In such studies, technical and ethical considerations 


make it difficult to establish reproducible dose-response 
relationships.* 

In the present investigation, we evaluated drug interaction 
based on analgesic requirements determined by i.v. patient- 
controlled analgesia (PCA).*° Our working hypothesis was 
that patients would self-administer or ‘titrate’ the analgesics 
to a consistent and satisfactory level of effect, regardless of 
the drug or drug combination used. Thus, the main purpose 
of our study was to evaluate a new protocol for the 
assessment and quantification of analgesic drug interactions 
in humans. A secondary goal was to investigate a possible 
interaction between tramadol and metamizol. These drugs 
were selected on the basis of their different mechanisms of 
action and similar duration.’® Equianalgesic doses were 
used based on a potency ratio of 1:12.° 


Methods 


Experimental design 


One hundred and one ASA I-O patients (age 18-70) 
scheduled for total abdominal hysterectomy (TAH) under 
general anaesthesia were included in the study. The protocol 
was approved by the Ethical Committee of our Institution, 
and all patients gave informed consent. Patients were visited 
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the night before surgery and the use of PCA for post- 
operative pain relief was explained. Those who were unable 
to understand the PCA technique, those with morbid obesity 
and/or history of allergies to analgesic drugs were excluded 
from the study. 

During the preoperative visit, patients were randomized 
using a numerical table into five groups of about 20 patients 
each (designated as groups I-V). The patients and investi- 
gators were unaware of the analgesic drug/s that would be 
used for each patient during the study. 

All patients were premedicated with sublingual diazepam 
10 mg administered 1 h before surgery. On arrival in the 
operating room, ECG, non-invasive arterial pressure, heart 
rate and Spo, were monitored, An 18-gauge catheter was 
placed in the non-dominant hand and used for fluid 
administration intraoperatively, and for PCA in the post- 
operative period. A second 18-G catheter was placed in the 
other hand for the administration of anaesthetic drugs; this 
catheter was removed upon discharge from the recovery 
room. 

Induction of anaesthesia was accomplished with fentanyl, 
midazolam, thiopental and atracurium. After tracheal 
intubation, mechanical ventilation was initiated and a 50% 
mixture of ONO administered throughout surgery. 
Anaesthesia was maintained with a constant infusion of 
fentanyl 4 pg kg h`! and supplemental isoflurane in the 
concentrations required to maintain an adequate depth of 
anaesthesia (mean arterial pressure (MAP) and heart rate 
CAR) within 20% range of preoperative values). Inspired 
and expired isoflurane concentrations were monitored at 
90-120-s intervals by mass spectrometry. Muscle relaxation 
was obtained with an infusion of atracurium and monitored 
with a nerve stimulator. The infusions of fentanyl and 
atracurium were ceased ~20-25 min before the end of 
surgery and residual muscle relaxation was reversed with 
neostigmine and atropine. All patients were extubated in the 
operating room. 

Patients were transported to the recovery room where 
they were monitored in the standard manner. Time of first 
request for analgesia was noted (TAR), and the intensity of 
pain evaluated at rest, using a 0-10 visual analogue scale 
(VAS-PI). 

At the TAR, a loading dose (10 ml) of one of the five 
analgesic treatments was administered i.v. The study groups 
and the corresponding drug mixtures included in the cassette 


or reservoir of the PCA pump are shown in Table 1. Thus, in 
group I, the PCA reservoir contained only tramadol at a 
concentration of 10 mg mi~}; group I had only metamizol at 
a concentration of 120 mg ml7!. The reservoir in group II 
contained a mixture of tramadol—metamizol combined at a 
1:1 potency ratio (1:12 mg), that is tramadol 5 mg combined 
with metamizol 60 mg. Group IV received a combination of 
drugs at a ratio of 1:0.3 (Le. 75:25); thus tramadol 7.5 mg 
plus metamizol 30 mg were combined. Group V received 
the same drugs combined at a 1:3 ratio (25:75), that is 
tramadol 2.5 mg plus metamizol 90 mg. 

Fifteen minutes after the loading dose, VAS-PI was 
reassessed. At this time, PCA was initiated with the same 
analgesic ratio as the loading dose. The PCA administered 
boluses of 2 ml, with a lockout interval of 15 min and a 
maximal volume of 50 ml in 24 h. No baseline drug infusion 
was administered. The pumps (Pharmacia, Deltec 5800R) 
registered the number of boluses requested and the number 
delivered. 

VAS-PL pain relief and the doses of analgesics delivered 
were assessed at the following time-points after TAR: 
15 min; and 1, 2, 4, 8, 12, 20 and 24 h. During the first hour, 
patients received a loading dose plus any drug self- 
administered by PCA during the following 45 min. 
Patients requesting additional analgesia at any time during 
the first 24 postoperative hours were rescued with iv. 
morphine. In those patients, the PCA was discontinued and 
they were excluded from the study. 

At each time of evaluation, patients were monitored for 
the occurrence of adverse effects: nausea, vomiting, 
sedation, pruritus, headache and pain on the site of injection. 
Sedation was evaluated using the Ramsey scale (graded 
1-6)° and considered present when the value was =3. 
Treatment for nausea and vomiting was i.v. metoclopra- 
mide, and for pruritus was diphenidramime. 


Data analysis 


Evaluation of the efficiency of the treatment (per cent pain 
relief) at the different time-points was performed according 
the following equation: VAS-PI at TAR (pain intensity 
before treatment) minus VAS-P] at a given time-point (pain 
intensity after treatment) divided by VAS-PI at the TAR 
(before treatment), multiplied by 100. 


Table 1 Study groups Tramadol (TR) and metamizol (MTZ) were administered at fixed dose ratios based on a relative analgesic potency of 1:12 Actual 
doses admunistered were calculated by multiplying the total volume delivered by the concentration mdicated ın the table 


Number of patlents/group 


Group Ratio TR:MTZ Concentration TR:MTZ (mg mI”) 

I 1:0 100 21 
ii 0:1 0-120 21 
W 1:1 5-60 20 
Iv 1.0.3 7530 19 
v 13 2590 20 
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Table 2 Patent charactenstics and TAR. Results are mean values (SEM) (age, range) 





Group I (1:0) II (0:1) 

Age (yr) 44.8 (37-53) 46.9 (35-60) 
Weight (kg) 66.7 (2.9) 64 5 (28) 
Height (cm) 157 (0.9) 156 (1 5) 
Duration of surgery (min) 107 (6) 97 (7) 

TAR (mun) 54.3 (8.6) 442 (72) 


This calculation permits the distribution of patients into 
two groups: those that had an improvement of their pain 
equal or above 50%, and those that benefited to a lesser 
degree (<50% improvement). Thus, the efficacy of the 
treatment will be expressed as the number of patients in 
each group that experienced a 50% or greater pain relief. 


Analysis of the interaction 


The cumulative doses consumed at each time-point were 
used to calculate interaction indexes and for constructing 
isobols;!° the calculation was possible because all drug 
combinations produced equivalent responses (VAS-PI) at 
each time of evaluation. For efficacy and adverse effects, 
dose-response relationships were obtained by plotting 
cumulative doses against efficacy and incidence of adverse 
effects, and the EDs determined according to the method of 
Litchfield and Wilcoxon.'’ These values were then used to 
calculate interaction indexes. Interaction indexes (INT-D 
permit a mathematical analysis of the nature of drug 
interactions and are obtained utilizing the following 
relationship: 


d,/D, + dẹ/Ds = 1 


D, and Dg are the doses of the drugs when used alone, 
while d, and d, are the doses of the same drugs when used in 
combination; in each case all producing the same response. 
Interaction indexes greater or lower than 1 demonstrate 
interactions that are less or more than additive, respectively. 
Statistical analysis (Student’s t-test) of the interaction 
indexes was performed comparing the experimentally 
observed doses with those expected to occur had no 
interaction been present.'! 


Construction of isobols 


Isobols are graphic representations of equally effective 
doses of two or more agents. The mean (SEM) doses of each 
drug that produces a given response are plotted on the axes 
of the graph. A zero interaction line (isobol) connects these 
isoeffective doses in the axis; lines connecting the upper and 
lower values of the SEM in the axis indicate the error of the 
isobol line. Doses of drug combinations producing the same 
effect are then plotted. Points falling on the diagonal line 
represent zero interaction (additivity), while those located 
above and below are antagonistic and synergistic, respect- 
ively. Mean and SEM were calculated for all the doses - 





mM (1:1) IV (1:0.3) V (1:3) 

48 5 (41-60) 46.9 (34-70) 47 4 (36-62) 
68 7 (2.6) 66 0 (17) 69 2 (2.6) 
156 (1 6) 157 (1 2) 155 (1 4) 
103 (6) 103 (6) 111 (7) 

50.3 (6.8) 52 4 (6.0) 453 (5 9) 


plotted, and points were considered to differ significantly if 
their SEMs did not overlap. In our study, isobols were 
constructed with doses of the drugs (individually and in 
combination) associated with the same pain intensity. 


Statistical evaluation 


Statistical calculations were performed as described by 
Tallarida and Murray.’ Data are expressed as mean (SEM) 
or 95% confidence limits (CL). One-way analysis of 
variance (ANOVA) or chi-squared tests were used for 
comparison of the data. 


Results 


Patient characteristics, duration of surgery and TAR for 
each group are shown in Table 2. There were no significant 
differences. 

Figure 1 illustrates mean pain intensity as a function of 
time for each of the five treatment groups. Pain intensity at 
the TAR (zero time-point) varied from 7.2 to 8.0. There 
were no significant differences (ANOVA). The decline in 
VAS-PI with time was found to be exponential with rate 
constants (k) that did not differ significantly between groups 
(k values ranging from -0.39 to —0.68).!! All groups 
exhibited a rapid fall in VAS-PI over the first 2 h, and a slow 
decline thereafter. A test for parallelism’! of the two 
segments of the graphs (represented by time-points 0-2 h 
and 4-24 h) demonstrated that, for each component, the 
slopes did not differ significantly between treatment groups 
(mean values 0.40 and 0.07, respectively). The similarity in 
the slopes of the lines representing the different treatments 
demonstrates that each provided a similar VAS-PI through- 
out the duration of the study. 

The consistency of the VAS-PI at each time-point 
supports our assumption that patients would self-admunister 
analgesics to a uniform end point. This similarity allows us 
to perform a null-point evaluation of the doses of the drugs 
and their interaction at the same VAS-PI. Thus, differences 
in the doses (not changes in response) of each drug 
individually or in combination will be the variable used to 
evaluate drug interactions. 

The time to analgesia request (TAR) and the VAS-PI at 
that time did not differ significantly between the treatment 
groups. Fifteen minutes after the loading dose, VAS-PI was 
found to vary between 4.5 and 5.8 (Fig. 1). Analysis of 
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Mean VAS-PI values 





Fig 1 Mean VAS-PI values for each of the indicated times of evaluation. VAS-PI values cbtained from each group were compared with the other 
treatments at every time-point (ANOVA). No significant differences were observed. 


Table 3 Type of interaction of the combinations of tramadol and metamuzol, and interaction indexes. The nature of the interaction was determined by the 
calculation of the interaction index (in brackets). Synergy occurs when the mteraction index 18 significantly < 1 (Student’s t-test; *P<0.05 and **P<0.001) 





Time (h) I (1:1) 

4 Synergy (0.79*) 
8 Synergy (0.74**) 
12 Synergy (0.71*) 
20 Synergy (0.73**) 
24 Synergy (0.73**) 


variance of VAS-PI and of the per cent pain relief failed to 
reveal any significant differences. Mean per cent pain relief 
was 32.7% demonstrating that the loading doses produced 
similar but clinically insufficient pain relief. PCA was 
initiated 15 min after the loading dose, and VAS-PI assessed 
1, 2, 4, 8, 12, 20 and 24 h afterwards. At each time-point, all 
treatments produced equivalent degrees of per cent pain 
relief. Pain relief increased over time, and starting at 2 h, all 
patients experienced at least 50% pain relief (54-88% 
range) for the duration of the study. 

Efficacy was defined as the proportion of patients who 
experienced a 50% or greater degree of pain relief. In all 
treatment groups, efficacy was fully established by 2 h and 
continued throughout the study. Furthermore, there were no 
differences in efficacy between groups at any of the time- 
points (chi-squared test). A total of 14 patients were 
excluded from the study at 20 and 24 h. In three of these 
cases, patients required rescue analgesia after utilizing all 
the medication in the cassette; in 10 additional cases, 
patients elected not to continue with the study because of 
low pain intensity and the discomfort created by the i.v. line. 





TV (1:0.3) vV (1:3) 

Additive (0 94) Additive (0.92) 
Additive (0.93) Additive (0.97) 
Additive (0.88) Additive (0.93) 
Additive (0 89) Additive (0 97) 
Additive (0.93) Additive (0.93) 


For one patient, there was mechanical pump malfunction. 
All patient exclusions occurred after 20 and 24 h of 
treatment. The incidence of subject exclusion in the different 
groups did not differ significantly (chi-squared test). 

At each time of evaluation, the cumulative volumes that 
were dispensed by the pump were recorded and converted 
into dose in mg. For groups I-V, the dose of each drug in 
the mixture was calculated (Table 1). The data were then 
analysed as cumulative dose and as milligrams per hour. 


Analysis of drug interactions 

The data show that all PCA treatments were equally 
effective in reducing pain. Drug interactions were evaluated 
using: (i) per cent pain relief at each time-point; and (ii) 
50% efficacy. Because treatments produced equivalent 
effects, the results could be calculated arithmetically using 
interaction indexes, and graphically with isobolograms. 


Per cent pain relief 
Statistical evaluation of per cent pain relief revealed that 
when the drugs were used in a 1 : 1 combination (group ID), 
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a synergistic interaction occurred at 4 h and all subsequent 
time-points. The interaction indexes in this group varied 
from 0.79 to 0.71 (P<0.05 when compared with an index of 
1). None of the other combinations (1:0.3 and 1:3, groups IV 
and V, respectively) were significantly different from 
additivity (Table 3). 

Isobols were constructed showing the doses of drug 
combinations in groups II-V required to produce the same 
degree of analgesia (VAS-PI range 2.4-2.7) at the 8 h time- 
point. This time was selected as being representative of the 
time-points at which VAS-PI was most stable in the second 
segment of the curve (Fig. 1). The isobologram (Fig. 2) 
demonstrates synergy for the 1:1 combination, while no 
interaction was observed for the 1:0.3 and 1:3 drug ratios 
(additivity). 


Efficacy of the treatments 

The tramadol—metamizol interaction was also analysed 
utilizing cumulative doses of the drugs and the fraction of 
individuals with 50% pain relief (50% efficacy). From the 
quantal dose-response curves, we determined the doses at 
which half of the patients achieved this level of response 


400 


Tramadol (mg) 





1000 2000 3000 4000 5000 
Metamizol (mg) 


Fig 2 Isobolographic representation of the interaction of tramadol and 
metamizol at 8 h, The axes indicate the mean cumulative doses (SEM) of 
metamizol (abscissa) and tramadol (ordinate) that produce the same level 
of response (VAS-PI range 2.4-2.7). The diagonal line connects equally 
effective doses of each drug alone and designates additivity (zero 
interaction lne) All other points in the graph were obtained by plotting 
each of the paired cumulative doses (SEM) ın each treatment group The 
ratios of tramadol:metanuzol are shown within brackets. 


(EDs9), and the values used to calculate the interaction 
indexes. The CL of the EDso of each drug alone were 
compared with those of the drugs used in combination; if the 
95% CL did not overlap the values were considered to be 
significantly different. The results (Table 4) also demon- 
strated statistically significant synergy in patients in group 
III (1:1 ratio) and no interaction with the other groups. 


Adverse effects 


At each time of evaluation patients were monitored for the 
occurrence of adverse effects: nausea, vomiting, sedation, 
pruritus, headache and pain on the site of injection. Nausea 
and vomiting were the most prevalent followed by sedation; 
the others were not analysed because they occurred 
infrequently. 

We expressed these data quantally, and for each treatment 
group the results were analysed to determine: (i) the total 
number of adverse effects (global incidence) associated 
with each treatment; (ii) the number of patients with one or 
more adverse effects; and (iii) the time at which adverse 
effects occurred. The relatively low incidence of each one of 
the adverse effects precluded their separate or individual 
evaluation, and thus the results were analysed globally. 

Forty-seven per cent of the patients reported one or more 
adverse effect (average 1-2) with a total of 71 events 
reported during the 24 h of observation. Neither the total 
number of adverse effects nor the number of patients 
experiencing them differed significantly between the treat- 
ment groups (chi-squared test). When adverse effects were 
present, they occurred most often at 4 and 8 h (27% each), 
and during the first hour (20%). 

An analysis of the incidence of adverse effects indicated 
that the overall incidence of these events tended to decline 
as the concentration of metamizol in the mixture increased 
(correlation coefficient 0.64, P<0.05). The EDs values for 
adverse events were obtained and used for the calculation of 
the interaction indexes (Table 4). Synergy was demon- 
strated in group IH (1:1 mixture), while no significant 
interaction occurred in the other groups (additivity). The 
results demonstrate that when drugs are used in a 1:1 
combination (group I) a synergistic interaction is present 


Table 4 Type of interaction of the combinations of tramadol and metamuzol, for efficacy and adverse effects at the EDso values Mean EDso values (95% 
CL) expressed ın total mg were obtained from quantal dose-response curves in which efficacy and incidence of adverse effects are plotted against the 
cumulative doses, INT-I: interaction indexes. *P<0.05, NS (not significant when compared with additivity) 








Group MW (4:1) IV (1:0.3) V (1:3) 
Efficacy 
EDs 601 (448-807) 586 (478-719) 1417 (1121-1793) 
Interaction Synergy Additive Additive 
INT-I 0 60* 110 (NS) 0.98 (NS) 
Adverse effects 
EDso 1649 (1425-1905) 1355 (1103-1663) 5867 (4054-8489) 
Interaction Synergy Additive Additive 
INT-I 0 62* 1.07 (NS) 1.3 (NS) 
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both for beneficial and undesirable effects; a comparison of 
the EDso values reveals a therapeutic index of 2.7. 


Discussion 

The present study shows that the interaction between 
tramadol and metamizol is synergistic when the drugs are 
combined in a 1:1 potency ratio, and that both beneficial and 
adverse effects demonstrate the same type of interaction. 
We have utilized i.v. PCA as a means of evaluating the 
analgesic requirements needed to relieve postoperative pain. 
The drugs were selected because they are routinely used for 
the treatment of postoperative pain in our institution, their 
potency ratio is well established,° and they have a similar 
onset and duration of action.” 8 Evaluation of drug inter- 
actions using PCA is not applicable to drugs with signifi- 
cantly different pharmacokinetic values. 

PCA-based analgesic consumption is not a very precise 
method determining degree of analgesia,’ but it is the only 
available method to determine objectively drug require- 
ments. However, pain intensity was estimated by a VAS 
scale, a method which is widely accepted.” 

The single use of the VAS-PI at rest for the evaluation of 
pain relief is a relative weakness of our study. In our original 
protocol, pain relief was also assessed by the nursing staff 
according to a four-point categorical scale. However, data 
collection was irregular and unreliable, thus precluding its 
use in the statistical evaluation. Similarly we were unable to 
use the number of boluses requested/delivered by the PCA 
pump each hour as a measure of the adequacy of the 
treatments. The data demonstrated considerable variability 
mainly in the number of requests per hour, while the number 
of boluses delivered/hour was more uniform; an analysis of 
variance failed to detect significant differences in either 
value. 

The VAS-PI at the TAR was similar in all groups, and 
was used as the reference point for further calculations (per 
cent pain relief, per cent efficacy). Patients in each group 
titrated themselves to a comparable VAS-PI throughout the 
study, thus confirming our working hypotheses and valid- 
ating the method of analysis. Our results are consistent with 
those previously reported that patients do not self-admin- 
ister analgesics to a complete elimination of pain, but rather 
to a VAS-PI value <3,'* a value that reflects a low to 
moderate pain intensity.!* 

In all patients, the loading doses by themselves failed to 
provide a satisfactory degree of analgesia (mean VAS-PI of 
5.1). We think that this inadequacy was related to the high 
level of pain at the time of administration, a situation which 
would not occur in a clinical setting where analgesics are 
usually administered before experiencing severe pain. 
Consequently, in the present study, higher loading doses 
would have been appropriate. 

During PCA, the VAS-PI declined rapidly, reaching a 
steady-state by about 2—4 h. When analysing the curves we 
were able to demonstrate that all treatment regimes 


followed a similar pattern of decline over time. The 
importance of these data is that, regardless of the regimen 
to which patients were assigned, all had a similar VAS-PI at 
each time of evaluation. This fact enabled the comparison of 
the doses of each drug (alone or in combination) needed to 
produce equivalent VAS-Pls. Figure 1 also shows that, at 1 
and 2 h, patients were experiencing moderate pain (VAS-PI 
about 4) despite the possibility of self-administering add- 
itional medication, as at this time(s) the maximal doses 
allowed by the protocol were not exhausted. We are not able 
to explain this observation although the decrease in pain 
intensity (from severe to moderate) may have produced a 
subjective sensation of relief that made additional request(s) 
unnecessary. 

We defined efficacy as the proportion of patients who 
experienced a 50% or greater degree of pain relief, when 
compared with the VAS-PI at the TAR. However, because 
pain relief decreases gradually during the postoperative 
period, the calculated effect of the drugs includes the 
spontaneous decrease in pain intensity that is not drug 
related. Because VAS-PI at the TAR was unusually high 
(about 8), the calculated 50% efficacy does not necessarily 
reflect adequate analgesia, but the value was used as an 
additional method to assess and compare the effects. 
Regardless of the way in which the data were presented, 
all treatment regimens produced comparable results. The 
similarity of effects at each time-point permitted us to 
compare the doses of individual agents and their combin- 
ation/s needed to produce equivalent results (i.e. VAS-PI, 
per cent relief, per cent efficacy). 

Our data also show that per cent pain relief increased over 
time. Similarly, hourly drug usage also decreased up to 20 h. 
These data suggest a substantial decrease in pain intensity 
after 4 h, a fact that probably deserves further evaluation. 
The progressive decrease in VAS-PI (Fig. 1) together with 
the decline in the doses of the drugs self-administered shows 
that postoperative pain spontaneously diminished during the 
first 24 h. If pain remained constant, drug utilization would 
be expected to increase or remain high in order to reduce the 
VAS-PI to acceptable levels. 

For the analysis of the interaction between tramadol and 
metamizol we used mathematical (combination indexes) 
and graphic (isobolograms) methods of evaluation. Both 
methods require that individual drugs and their combination 
produce the same level of response. When the drugs were 
used in a 1:1 ratio, synergy was demonstrated from 4 h 
onwards for the VAS-PI data. Similarly synergy was 
detected only in the same group for efficacy. Other 
treatment groups using 1:0.3 and 1:3 drug combinations 
were found to be additive. As with most other drug 
combinations, the mechanism/s involved in the change in 
the type of interaction when using different drug ratios are 
unknown. The evaluation of dose-response curves for 
adverse effects likewise demonstrated synergy when the 
drugs were used in a 1:1 combination. A comparison of the 
EDso values (Table 4) for efficacy and adverse effects for 
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the 1:1 combination reveals a therapeutic index of 2.7, 
indicating that the combination may be of therapeutic value. 
However, due to the number of patients and groups 
evaluated, and the incidence of adverse effects, these 
could only be evaluated globally and the results are not 
specific for nausea, vomiting or sedation. A larger number 
of patients using the same protocol would have to be 
evaluated in order to be able to demonstrate that each one of 
the adverse effects observed in the study is (or is not) dose 
dependent. Thus, the results show that when beneficial and 
pooled adverse effects were evaluated, tramadol and 
metamizol interact synergistically when combined in a 1:1 
ratio. 
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One hundred children, aged 1—9 yr, undergoing adenoidectomy were randomized to receive 
ketoprofen | mg kg”! either iv. with an oral placebo (n=40) or ketoprofen | mg kg” orally 
with an i.v. placebo (n=40), or both oral and i.v. placebo (n=20). The study design was pro- 
spective and double blind with parallel groups. The pain was assessed at rest and during swal- 
lowing using the Maunuksela pain scale (O=no pain, !O0=worst possible pain) after surgery for 
3 h. Fentanyl 0.5 ug kg” iv. was given for rescue analgesia. Children in the i.v. group needed 
significantly less doses (1, 1-3; median and 10th/90th percentiles) of rescue analgesic compared 
with the oral group (2, 1-3; P=0.024). Of those who needed rescue analgesic, three out of 30 
children in the i.v. group required three or more doses of fentanyl compared with 10 out of 28 
children in the oral group. There were no differences between the groups with respect to pain 
scores, operation times, perioperative bleeding or frequency of adverse events. 
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A low incidence of postoperative morbidity after day-case 
adenoidectomy in children is essential if we are to ensure 
parental and patient satisfaction.’ Children who need more 
opioids ın hospital, experience more intense pain at home 
during the first week after surgery,” and postoperative pain 
1s related to behavioural problems.” Thus, effective pain 
treatment in children is essential. 

Non-steroidal anti-inflammatory drugs (NSAIDs) are 
highly effective analgesics for treatment of mild to moder- 
ate pain.!* In previous studies, we have shown the efficacy 
and safety of i.v. ketoprofen in small children following 
adenoidectomy." Í Furthermore, the results show that i.v. 
ketoprofen, administered during the operation, was associ- 
ated with not only analgesia but also reduced opioid 
consumption and adverse effects, such as vomiting.’ 

Administration by different routes of ketoprofen and 
other NSAIDs has not been compared properly.® If there is 
no difference in analgesic efficacy or adverse effects, the 
oral route is the most cost effective. 

The aim of this study was to investigate whether the 
oral administration of ketoprofen is equivalent in 
analgesic efficacy to the i.v. route in the treatment of 
postoperative pain in small children following day-case 
adenoidectomy. 


Patients and methods 


This study was approved by our Ethics Committee, the 
National Agency for Medicines was notified of the use of 
ketoprofen in children <20 kg, and the study was conducted 
in accordance with the Declaration of Helsinki. Both parents 
and children of sufficient age received information regard- 
ing the study and written consent was obtained. We 
recruited 100 patients (1-9 yr, ASA 1 or 2) undergoing 
day-case adenoidectomy. Patients were excluded if they had 
known allergy to ketoprofen or other NSAIDs, asthma, 
haemorrhagic diathesis, kidney or liver dysfunction, or if 
they had any other contraindication for NSAIDs. 

A randomized, prospective, double-blind, double- 
dummy, placebo-controlled, parallel groups study design 
was used. Children were allocated randomly to either one of 
two ketoprofen groups or a placebo group. The allocation 
was computer generated and a sealed envelope method was 
used to allow blinding. Forty children received ketoprofen 
orally, 40 children i.v., and 20 received placebo. In the oral 
group, children were given ketoprofen 1.0 mg kg™ as a 
mixture (Orudis® 1 mg/ml mixture, Rhone-Poulenc Rorer, 
Cedex, France) 30 min before surgery, and placebo i.v. at 
induction (10 ml 0.9% normal saline) over 10 min. In the i.v. 
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group, patients were given placebo mixture 30 min before 
surgery and ketoprofen 1.0 mg kg” in 10 ml 0.9% normal 
saline i.v. injected over 10 min at induction (Orudis® 50 mg/ 
mi injection, Rhone-Poulenc Rorer, Helsinki, Finland). In 
the placebo group, children were given placebo mixture and 
normal saline injection. All study medications were pre- 
pared by a nurse not taking part in the study. 

A standard anaesthetic technique was used. Each child 
was premedicated with diazepam 0.5 mg kg™ orally 
(maximum of 10 mg) 30 min before induction. EMLA® 
cream (Astra, Södertälje, Sweden) was used at the venous 
puncture site. Atropine 0.01 mg kg™ i.v. was given and 
anaesthesia induced with thiopental 5 mg kg‘ and fentanyl 
1 ug kg’ iv. To facilitate tracheal intubation, cis- 
atracurium 0.1 mg kg! was given. Anaesthesia was 
maintained with 2~3% sevoflurane (inspired concentration) 
in 65% nitrous oxide in oxygen with intermittent positive 
pressure ventilation. On completion of the procedure, 
muscle relaxation was reversed with neostigmine 
50 ug kg” and glycopyrrolate 10 ug kg™. All children 
received fentanyl 1 jg kg at induction but no more opioids 
were allowed during the operation. For intraoperative fluid 
maintenance, all children were given 0.9% saline 
5-10 ml kg” h. 

The adenoids were removed using a curettage technique. 
Haemostasis was controlled with temporary nasopharyngeal 
packs and electrocautery. Duration of surgery was recorded 
and at the end of the procedure the surgeon estimated the 
amount of bleeding using a five-point scale. After the 
operation, children were transferred to the post-anaesthesia 
care unit (PACU) for continuous monitoring of vital signs 
and assessment of pain by specially trained nurses. 
Postoperative pain was assessed using the Maunuksela 
scale”? Pain expressed by the child at rest and during 
swallowing was assessed continuously and recorded every 
hour for up to 3 h. If the child was in pain with a pain score 
at rest of 3 or more, fentanyl 0.5 ug kg” i.v. was given. The 
dose was repeated at 5-min intervals until the pain had 
diminished to slight. No more than four doses were allowed 
in 1 h, and no other analgesic medication was permitted 
during the study. The last pain assessment and recording 
was made just before discharge, when the worst pain 
recorded during the PACU stay was noted. At discharge, 


sedation was assessed using a 100-mm visual analogue scale 
(VAS, O0=‘full alert’ and 100=‘not arousable’). All adverse 
events were recorded. 

Patients were discharged when they were awake, able to 
walk unaided, had stable vital signs for at least 1 h, had no or 
mild pain, had not vomited for 1 h, were able to tolerate 
clear fluids, had passed urine, and had no bleeding. All 
children received ketoprofen 1 mg kg"! 1.v. just before 
discharge. 

The sample size was based on detecting a difference of 
35% or more in the need for rescue analgesia between the 
1.v, and oral groups at a 0.05 significance level with 80% 
power. In addition, a small placebo group was included to 
avoid study bias based on our previous studies in pain 
treatment following adenoidectomy.” '° In a previous study, 
where a placebo group was not included, only 47% of the 
children who were given ketoprofen 2 mg kg™' required 
rescue analgesia compared with 65% of the children in 
another previous study where children in the control group 
received placebo. This may be caused by observer bias, 
because it was known that in the study where placebo was 
not used, all the children had in fact received a previous 
analgesic. Therefore, a placebo group was included in this 
study and considered ethical. 

Statistical analysis of continuous variables was per- 
formed using the Kruskal-Wallis test, and for post hoc 
analysis, the Mann-Whitney test with Bonferonni correc- 
tion was used. For the categorical variables, the chi-squared 
test was used. P<0.05 was considered statistically signifi- 
cant. Results are presented as number of cases (%) or 
median (10th and 90th percentiles), as appropriate. 


Results 


There were no differences between study groups with 
respect to patient characteristics (Table 1). All except two 
children were ASA 1. There were no patient withdrawals 
from the study. 

In the oral group, 28 out of 40 patients were given 
fentanyl for rescue analgesia, compared with 30 out of 40 
patients in the i.v. group and 15 out of 20 patients in the 
placebo group. 


Table 1 Patient characteristics Data are as number of cases or median with 10th/90th percentiles No significant differences 





Intravenous ketoprofen 





(m=40) 

Gender (male/female) 31/9 
Weight (kg) Median 14 

Percentiles 11-24 
Height (cm) Median 92 

Percentiles 81-124 
Age (months) Median 32 

Percentiles 16-82 
ASA VI 38/2 





Oral ketoprofen Placebo 
(rm40) (#=20) 
27/13 13/7 

17 17 
12-30 12-42 
104 99 
83-127 78-144 
50 46 
20-101 15-101 
40/-- 20/- 
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There was a significant difference between the study 
groups in number of fentanyl doses given (P=0.019). 
Children in the i.v. group needed significantly fewer doses 
compared with the oral group (P=0.024). There was no 
difference between the oral and placebo group. In the i.v. 
group, three out of 30 children needed three or more doses 
of fentanyl, compared with 10 out of 28 children in the oral 
group and six out of 15 children in the placebo group 
(P=0.032). The median time to the first fentanyl dose was 36 
(7-67) min in the i.v. group, 23 (8-50) min in the oral group, 
and 23 (7-62) min in the placebo group. 

There was no significant difference between groups with 
respect to Maunuksela pain scores (Table 2). 

There was no difference with respect to duration of 
surgery (20 (10-35) min in the i.v. group, 21 (10—42) min in 
the oral group, and 17 (8-37) min in the placebo group). 
There was no difference in the extent of surgeon-assessed 
bleeding. There was no incidence of postoperative bleeding 
requiring re-operation, delay of discharge, admission to 
hospital or any other interventions. 


On discharge, sedation scores were 7 (0-21) in the iv. 
group, 6 (0-22) in the oral group, and 6 (0-19) in the 
placebo group. 

Adverse events noted in the PACU are shown in Table 3. 
In the oral group, six out of 40 children had at least one 
adverse event, compared with eight out of 40 children in the 
i.v. group, and eight out of 20 children in the placebo group. 
Nausea, retching and vomiting were the most common 
adverse events with a similar incidence in the study groups. 
Two children in the oral group were admitted overnight 
because of protracted vomiting. One child in the placebo 
group was discharged later in the same afternoon because of 
delayed urination. 


Discussion 

In this study, ketoprofen 1 mg kg” given i.v. at the 
induction of anaesthesia provided better analgesic than a 
similar dose given orally 30 min before induction, as shown 
by reduced need for rescue analgesia in the iv. group. 


Table 2 Maunuksela pain scores Score 0 = ‘no pain’, 1-3 = ‘slight pam’, 4-6 = ‘moderate pain’, 7-9 = ‘severe pain’, 10 = ‘worst possible pain’, Data are 


expressed as median with 10th/90th percentiles 

















Intravenous ketoprofen Oral ketoprofen Placebo 
(n=40) (n=40) (n=20) 
Pain at 1 h 
At rest 4 5 3 
0-8 0-8 0-9 
During swallowing 5 6 6 
0-8 0-8 0-9 
Pain at 2 h 
At rest 0 0 0 
0-5 04 0-8 
Dunng swallowing 0 0 0 
0-5 0-5 0-8 
Worst pam m PACU 
At rest 4 5 3 
0-8 08 0-9 
During swallowing 5 7 6 
0-8 0-8 0-9 
Pain at discharge 
At rest 0 0 0 
0-1 0-2 0-2 
Dunng swallowing 0 0 0 
0-2 0-3 0-3 
Table 3 Adverse events, Data are expressed as number of cases. No significant differences 
Intravenous ketoprofen Oral ketoprofen Placebo 
(n=40) (n=40) (n=20) 
Nausea, retching, vomiting 5 5 4 
Pain at the infusion site 2 1 2 
Difficulty ın urination 1 1 1 
Shivering - 1 ~ 
Upper abdominal pain - 1 =- 
Swelling in face and eyelids - = 1 
Number of children with 8 6 8 


adverse events 
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Moreover, there was a tendency towards less requirement 
for rescue analgesia in the i.v. group compared to the oral 
group, although the difference was not significant. This was 
not expected, as ketoprofen syrup is absorbed rapidly 
(maximum plasma concentration occurs at 30 min, 
bioavailability >90%)."! 

The major mechanism of NSAID action is inhibition on 
prostaglandin synthesis, hence the onset of the analgesia is 
delayed.'? However, in addition to a peripheral action, i.v. 
ketoprofen also has a rapid central analgesic action.'* To 
support this, Debruyne and co-workers have shown that 
administration of i.v. ketoprofen suppresses pain within 5— 
30 min.'> Thus, we propose that the better analgesic action 
of the i.v. compared with the oral route in the present study 
is explained by a faster onset action. 

Although the placebo group was included to avoid 
observational bias, it was interesting to notice that oral 
ketoprofen did not perform any better than placebo, This 
suggests that the dose used was inadequate or that drug 
absorption was incomplete or delayed, possibly relating to 
preoperative anxiety. On the other hand, this may also 
reflect delayed action of ketoprofen on prostaglandin 
synthesis. Kohler and co-workers showed a correlation 
between the analgesic effect of ketoprofen and drug plasma 
concentrations in adults. In their study, pain was at its lowest 
2 h after oral administration of ketoprofen.'® The use of a 
larger or earlier administration requires further study. 

NSAIDs prolong bleeding time by inhibiting cyclo- 
oxygenase.'* However, in the present study, no child 
receiving ketoprofen had postoperative bleeding requiring 
intervention or delayed discharge. In our earlier studies with 
ketoprofen, only one child out of 611 children experienced 
postoperative bleeding, but even he did not require further 
surgery.” 

Pain assessment in small children is difficult because of 
their limited verbal abilities and understanding. Several 
other factors such as anxiety, excitement, fatigue and 
residual effects of anaesthetic agents can cause post- 
operative distress for children. This results in problems, 
not only for pain assessment, but also at home.*!” 
Consequently, for small children, pain scale assessments 
based on multiple variables are recommended. The 
Maunuksela pain scale, used in the present study, is a 
multidimensional assessment based on physiological, beha- 
vioural and contextual indicators. It has been validated for 
use in children from 1 to 18 yr.” 

In contrast to our previous studies where we used 
isoflurane for maintenance, sevoflurane was used in the 
present study. Sevoflurane increases agitation during early 
recovery, probably due to postoperative pain.’® Recently, 
Davis and co-workers have shown that intraoperatively 
administered NSAIDs reduced agitation in the immediate 
postoperative period.'? In the present study, most of the 
children experienced moderate or severe pain during early 
recovery, so a proactive approach for pain management is 
recommended.* 1” 
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Several studies have demonstrated the presence of opioid Inducible receptors on peripheral 
nerves and peripheral antinociceptive effects of opioids. However, the effects of peripheral 
opioid administration in man are controversial. Our study used a randomized, double-blind, 
placebo-controlled, three-way crossover design in a human model of acute inflammatory pain 
(heat Injury). We studied 18 healthy volunteers who each recelved morphine locally (2 mg), 
morphine systemically (2 mg), or placebo on three separate study days. The subjects recelved 
morphine infiltration subcutaneously (s.c.). | h before heat injury (47°C, 7 min) and naloxone 
infiltration s.c. (0.2 mg) 2.5 h after the heat Injury. Hyperalgesia to mechanical and heat stimuli 
were examined using von Frey hairs and thermodes, and pain was rated using a visual analogue 
scale. The burns produced significant hyperalgesia, but local morphine infiltration neither 
reduced pain during the burn, nor primary or secondary hyperalgesia to mechanical and heat 
stimull after the burn. In conclusion, peripherally applied morphine had no acute antinocicep- 


tive effects In this human model of acute inflammatory pain. 
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The presence of opioid receptors has been demonstrated on 
peripheral terminals of thinly myelinated and unmyelinated 
nerves as well as on lymphocytes.'~* Inflammation may 
upregulate peripheral opioid receptors and the density 
appears to increase minutes to hours after an inflammatory 
reaction is initiated.!* These findings suggest that opioids 
may have peripheral analgesic effects. 

The analgesic effect of intra-articular opioid administra- 
tion in the knee cavity has been studied extensively, and it 
has been concluded that intra-articular morphine may have 
some effect in reducing ‘postoperative pain intensity, but 
final conclusions were hindered by flaws ın designs and 
samples sizes of the studies. Peripheral analgesic effects of 
opioids applied at extra-articular sites have been difficult to 
demonstrate, and a recent review concluded on the basis of 
26 trials with data from 952 patients that there was no 
evidence for a clinically relevant peripheral analgesic effect 
of opioids in acute extra-articular pain. 

However, in the view of the clinical potential, there is a 
need for further human studies investigating the analgesic 
effects of peripheral morphine. The aim of our study was to 
examine the antinociceptive effect of morphine infiltrated 
subcutaneously (s.c.) in a human model of acute inflamma- 


tory pain. One trial has previously tested morphine in a 
similar burn model, but with limited sensory assessments 
and without systemic morphine as control.’ 


Methods 


We studied 18 healthy volunteers (16 men) who were aged 
22-48 yr. Informed consent was obtained from all subjects 
and the protocol was approved by the Municipal Ethical 
Committee of Copenhagen. During a pre-study training 
session, they were interviewed about their health history and 
were given a physical examination. In this session the 
volunteers experienced the burn and trained all assessments 
performed during the study. 

The study used a randomized, double-blind, placebo- 
controlled, three-way crossover design. Each volunteer 
received either morphine (2 mg, 5 ml) s.c. in the bum injury 
area (local), morphine in the corresponding area on the 
opposite leg (systemic), or saline (0.9%, 5 ml) in both legs 
(placebo) on three study days separated by 2 weeks. When 
subjects received morphine, they received saline in the 
opposite leg. The order of the study days was randomized en 
bloc, so the treatments were equally distributed over the 
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three study days. Morphine or placebo (saline) was injected 
after baseline measurements and measurements were 
repeated thereafter. The burn was induced on the non- 
dominant leg 1 h after the injections, and measurements 
were made at 0, 1 and 2 h after the burn. Subjects received 
naloxone (0.2 mg, 5 ml) in both areas, 2 h and 25 min after 
the burn injury, and measurements were repeated 30 and 
90 min after the naloxone injections. The order and duration 
of the different measurements has been described previ- 
ously.® All testing was performed by two experimenters in a 
quiet room at a temperature of 23-26°C. All subjects were 
tested by the same experimenter at the same time of the day 
on the three study days. The subjects were resting in a 
relaxed position and instructed to keep their eyes closed 
during all measurements. 

All injections were given using a needle, 40 mm long with 
an external diameter of 0.4 mm. Morphine (SAD, 
Copenhagen, Denmark) was used at the concentration of 
0.4 mg ml” (pH 4.1), naloxone (Du Pont Pharma, Meda AS, 
Copenhagen, Denmark) at the concentration of 0.04 mg mI 
(pH 4.3). In all injections the volume was 5 ml. The 
injections were given from opposite corners of the 50X25- 
mm drawn rectangles, 2.5 ml from each corner, injected in a 
fan-like manner, in order to distribute the volume evenly in 
the rectangle. The injections were made in the most 
superficial part of the s.c. tissue. A person not involved in 
the testing administered the injections and prepared the 
morphine and placebo. Subjects were asked to evaluate the 
pain associated with each injection, using a visual analogue 
scale (VAS 0-100). 

Burns were produced on the medial part of the non- 
dominant distal leg with a 50X25-mm_ thermode 
(Thermotest, Somedic A/B, Stockholm, Sweden).* The 
burns were induced in the same area on the three study days. 
The thermode (47 C) was applied to the skin for 7 min under 
standardized pressure (6.9 kPa). This caused redness 
without blistering. 

The pain was rated with a VAS at the start and every 
minute during the burn injury. The scale was anchored by 
the descriptors, ‘no pain’ (0) and ‘worst pain imaginable’ 
(100). Verbal. descriptors were added at 2 mm (weak pain), 
8 mm (mild pain), 18 mm (moderate pain), 39 mm (intense 
pain) and 74 mm (very intense pain) to make the scale more 
comprehensible.® The subjects rated the pain with a slider 
on a plastic device that was pulled along a 10 cm line 
between the end points. The numeric value of the rating was 
read on the back of the device by the experimenter. 

The mechanical pain threshold within the injury area was 
determined by pinprick with nine progressively rigid von 
Frey hairs (Senselab Aesthesiometer, Somedic A/B, 
Stockholm, Sweden) numbered one—nine (force of hairs: 
hair 1=6 mN, 2=9 mN, 3=17 mN, 4=27 mN, 5=46 mN, 
6=77 mN, 7=118 mN, 8=228 mN, 9=314 mN). 
Suprathreshold pain responses to mechanical stimuli were 
assessed using the VAS following stimuli with a von Frey 
hair (314 mN). The area of mechanical hyperalgesia to 


punctate stimuli that developed around the burn area was 
assessed using a rigid von Frey hair (428 mN).® 

Thermal thresholds were determined using a computer- 
ized contact thermode (Somedic A/B, Stockholm, 
Sweden).® All thresholds were assessed using a 25X50- 
mm thermode, and determined as the average of three trials 
performed at 9-s intervals, from a baseline temperature of 
32°C, and with a rate of change of 1°C s~!. The upper cut-off 
limit was 52°C. The pain response (VAS 0-100) to heat was 
evaluated with a heat stimulus (15*25-mm thermode) of 
45°C lasting 5 s, preceded by a temperature rise from 40 to 
45°C over 5 s. 

The subjects completed a questionnaire at the end of each 
day concerning the presence (yes/no responses) of euphoria, 
nausea, bluntness, headache, dizziness, confusion, feeling 
drunk, itching and restlessness. When side effects were 
present, these were rated as weak, moderate or marked. 

Normality of raw data and differences between groups 
were evaluated using the Shapiro—Wilk’s W-test.? Data are 
presented as means or medians dependent on the distribu- 
tion (normal or skewed), and comparisons were made using 
the Student’s t-test for a paired design, when the differences 
showed normal distributions," whereas differences show- 
ing non-normal distributions were analysed using the 
Wilcoxon matched-pairs test. If baseline assessments 
differed significantly between groups, changes from base- 
line assessments were compared. Comparisons of more than 
two groups, such as changes over time, were performed 
using parametric analysis of variance (ANOVA) for 
repeated measurements (one-way), or the Friedman 
ANOVA, as appropriate. The smallest differences between 
placebo and local morphine detectable with a power of 80% 
and a type I error of 5% were calculated for all measure- 
ments at all time points. P-values below 0.05 were 
considered statistically significant. 


Results 


Baseline assessments did not differ significantly except for 
heat pain detection thresholds. Because thresholds were 
higher for placebo than for systemic treatment (P=0.01), and 
higher for systemic than for local treatment (P=0.03), 
further comparisons between treatments for heat pain 
detection thresholds were performed using changes from 
baseline assessments. Post-drug assessments (performed 
pre-burn) differed significantly for two measurements: 
mechanical pain outside the burn area was higher for local 
than for systemic treatment (P=0.01); and the pain response 
to heat (45°C, 5 s) was more intense for local than for 
placebo treatment (P=0.04). The pain response (VAS 0- 
100) to the burn was not significantly altered by either 
systemic or local morphine treatment (Fig. 1). In 11 out of 
18 subjects, allodynia developed around the burn injury area 
when tested 4-6 min after start of the burn. The areas of 
allodynia were larger with local than systemic treatment 
(P=0.04). Neither local nor systemic morphine treatment 
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Fig 1 Pain during bum (47°C, 7 min). Verbal descriptors were added to 
the VAS at 2 mm (weak pam), 8 mm (mild pam), 18 mm (moderate 
pain), 39 mm (intense pain) and 74 mm (very intense pain). The pain 
response to the bum was not significantly altered by either systemic or 
local morphine treatment 
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Fig 2 Mechanical pam detection thresholds (medians, A) and mechanical 
pain in the burned area (medians, B) Neither the pain threshold nor the 
suprathreshold pain response was significantly altered by local morphine 
compared with systemic morphine or placebo For illustrative reasons (A) 
does not show systemic treatment, due to identical line plots of local and 
systemic treatment, 


changed the areas of allodynia significantly compared with 
placebo. 

The burns decreased mechanical pain thresholds (P<105) 
and increased pain responses to mechanical stimuli within 
the site of injury (P<10™, Fig. 2A and B). Neither the pain 
threshold nor the suprathreshold pain response was signifi- 
cantly altered by local morphine compared with systemic 
morphine or placebo. The burn produced significant areas of 
hyperalgesia to punctate mechanical stimuli around the 
injury (P<10~), and the burns increased the pain responses 
to mechanical stimuli in the area of secondary hyperalgesia 


Area of secondary hyperalgesia (cm?) 


Mechanical pain in sec 
hyp. area (VAS 0-100) 





-50 0 50 100 
Time after burn (min) 


150 200 


Fig 3 Area of secondary hyperalgesia (medians, a) and mechanical pain 
in the secondary hyperalgesic area (medians, B) Burns treated with local 
morphine developed larger areas of hyperalgesia than burns treated with 
systemic morphine 0-2 h after the burn injury (P=0.03). Also after 
naloxone injection, burns treated with local morphine showed larger 
areas of secondary hyperalgesia than burns treated with systemic 
morphine or placebo (P<0.04). Pam response to mechanical stimuli in 
the area of secondary hyperalgesia showed no significant differences 
between local, systemic or placebo treatment. 


(P<107, Fig. 3a and B). Burns treated with local morphine 
developed larger areas of secondary hyperalgesia than when 
treated with systemic morphine 0-2 h after the burn injury 
(P=0.03). After naloxone injection, burns treated with local 
morphine showed larger areas of hyperalgesia than both 
systemic morphine and placebo treatments (P<0.04). Pain 
responses to mechanical stimuli in the area of secondary 
hyperalgesia showed no significant differences between 
local, systemic or placebo treatment. 

Pain responses to 45°C (5 s) were increased by the burn 
(P<10~), and heat pain thresholds were decreased in the 
burn area when treated with placebo or systemic morphine 
(P<0.04), whereas thresholds were not significantly affected 
by the burn when treated with local morphine. However, the 
heat pain threshold was not significantly increased by local 
morphine compared with systemic morphine or placebo, nor 
was the pain during the brief (5 s) heat stimuli reduced by 
local morphine compared with systemic morphine or 
placebo (Fig. 4A and B). 

The burn induced an increase in warm detection thresh- 
olds for all treatments (P<10~, Fig. 5A). Cold detection 
thresholds were only significantly increased by the burn, 
when treated with local morphine (P=0.007, Fig. 5B). - 
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Fig 4 Bain response to a heat stimulus of 45°C (medians, A) and heat 
pain thresholds (means, B). The pain during the bnef (5 s) heat stumuli 
was not reduced by local morphine, nor was the heat pain threshold 
significantly increased by local morphine compared with systemic 
morphine or placebo. 
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Fig 5 Warm detection thresholds (means, A) and cold detection 
thresholds (medians, B) Neither warm nor cold detection showed 
significant differences between treatments 0-2 h after the burn injury 
After naloxone mjections both warm and cold detection thresholds were 
significantly higher with systemic morphine compared with placebo 
(P=0 03). None of the other treatments differed significantly 


Table 1 The smallest detectable differences between placebo and local morphine with a power of 80% and a type 1 error of 5% The values are the means of 
seven observation times (baseline, post-drug, 0, 1 and 2 h after heat unyury, and 30 and 90 min after naloxone injection) 


Pain during Warm detection Cold detection Heat pain Heat pain Mechanical Mechanical Area of Mechanical 
barn threshold threshold threshold response to 45°C pain pain secondary pain tn zone 
for 58 in burn area threshold hyperalgesia of secondary 
hyperalgesia 
(VAS: 0-100) (°C) (°C) (°C) (VAS: 0-100) (VAS: 0-100) (von Frey no) (cm?) (VAS 0-100) 
66 09 08 19 57 39 09 155 27 


Neither warm nor cold detection showed significant differ- 
ences between treatments before or 0-2 h after the burn 
injury. 

Subjects evaluated the pain caused by the injection using 
a VAS-score. Saline injections were rated with a mean score 
on the VAS of 31, morphine with a mean score of 35 and 
naloxone with a mean score of 41. Pain response to injection 
was significantly more mtense for morphine than for saline 
injections (P<0.02). 

All side effects (euphoria, nausea, bluntness, headache, 
dizziness, confusion, feeling of being drunk, itching and 
restlessness) were reported except headache. However, 
most side effects were reported by only one—three subjects 
out of 18 and were rated as weak. One exception was itching 
which was reported by seven subjects of which two rated the 
intensity of itching as moderate and one rated it as marked. 


When saline was injected only one subject reported 
dizziness. No other side effects related to saline were 
reported. 

The smallest differences between placebo and local 
morphine detectable at single time points are presented in 
Table 1. The values are the means of seven observation 
times (baseline, post-drug, 0, 1 and 2 h after heat injury, and 
30 and 90 min after naloxone injection). 


Discussion 

We examined the antinociceptive effect of morphine 
infiltrated s.c. in a human model of acute inflammatory 
pain based on a standardized burn injury in healthy 
volunteers. Our results suggest no antinociceptive effect 
of morphine, as none of our assessments showed signifi- 
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cantly decreased pain intensity or increased pain thresholds 
when treated with local morphine compared with systemic 
morphine or placebo. In contrast, local morphine may have 
contributed to hyperalgesia as the areas of secondary 
hyperalgesia were larger when treated with local morphine 
compared with systemic morphine. The finding that local 
naloxone did not change hyperalgesia supports the lack of a 
peripheral analgesic effect of morphine. Further, we were 
not able to detect any analgesic action of the low dose of 
morphine (2 mg) as none of the pain assessments was 
significantly different between placebo and systemic mor- 
phine, and side effects rated as weak were only observed in 
one-three of 18 subjects. Only warm detection thresholds 
increased when treated with systemic morphine compared 
with placebo. In summary, peripheral morphine adminis- 
tration did not reduce pain significantly either in normal skin 
or in hyperalgesic skin. 

Our results may have been influenced by the pH of the 
morphine solution. The pH of morphine was 4.1, naloxone 
4.3 and saline 5.6. Injection of morphine induced a 
significantly higher pain score compared with saline injec- 
tions (P<0.02), which may be explained by the lower pH. 
The acidic morphine solution may be local irritating and 
increased sensitization of nociceptors in the burn area, 
thereby counteracting the possible antinociceptive effect of 
morphine. However, the morphine solution used was the 
one generally applied for clinical use. Further, we cannot 
exclude a minor analgesic effect of morphine, as we were 
able to detect an ~40% difference between the overall mean 
of measurements between treatments and with a power of 
80% for most measurements. 

Our results are not contradictory to the clinical studies 
wherein extra-articular administration of opioid had no 
relevant effect,° or the studies of intra-articular administra- 
tion which have shown variable effects.” However, our 
results do not exclude a Iate (e.g. >8 h) analgesic effect of 
peripheral morphine.’° In other experimental human pain 
models (capsaicin,'! thermal stimulation,’* propofol injec- 
tion pain!3), the peripheral analgesic effects of opioids have 
also been debatable, as only the capsaicin model showed a 
peripheral analgesic effect.'! 


In conclusion, our results cannot verify acute antinoci- 
ceptive effects of peripheral morphine ın this model of acute 
inflammatory pain. 
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A randomized, double-blind study of 38 patients undergoing total knee replacement was under- | 
taken to compare the efficacy and respiratory effects of low-dose spinal morphine and patient- 
controlled i.v. morphine against patient-controlled i.v. morphine alone. Patients received either 
morphine 0.3 mg or saline 0.3 ml with 0.5% heavy spinal bupivacaine 2-2.5 ml. Respiratory 
effects were measured continuously for 14 h postoperatively with an Edentec 3711 respiratory 
monitor. There was an improvement in pain relief In the intrathecal morphine group, with 
significantly lower median VAS pain scores on movement at 4 h (0 (median 0-1.5) vs 5 (1.25— 
7.75) P<0.01), [2 h (2 (1—5) vs 6 (3-8) P<0.01) and 24 h (3 (1—5) vs 5 (3-7) P<0.05) postopera- 
tively, despite using significantly less patient-controlled morphine (20 mg (10.25-26.25) vs 
38.5 mg (27-51) P<0.01) in the first 24 h. There was a small but statistically significant reduc- 
tion In the median oxygen saturation (Spo,) In the intrathecal morphine group 97 (95-99)% 
compared with the placebo group 99 (97-99)% (P<0.05). Although marked disturbances in 
respiratory pattern were observed in both groups, none of the patients In the study had severe 
hypoxaemia (Spo, <85% >6 min h7') and there was no significant difference In the incidence of 
mild (Spo, <94% >12 min h7') or moderate (Spo, <90% >12 min h-') hypoxaemia or in the 


incidence of episodes of apnoea or hypopnoea in the two groups. 
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Intrathecal opioids have been shown to provide effective 
analgesia in a variety of surgical settings’? since the 
introduction of the technique into clinical practice in 1979.3 
The advantage of spinally administered opioids ıs that 
prolonged analgesia can be provided using a single injection 
at the time of surgery without the need for cumbersome and 
expensive pumps in the postoperative period. However, the 
use of this technique has been limited by a high incidence of 
opioid-related side effects including nausea, pruritus and 
urinary retention, and the fear of respiratory depression, 
which may be delayed in onset. In an attempt to limit major 
and minor opioid side effects, the use of low-dose spinal 
opioids has been advocated. $ When using low doses there 
are concerns about the appropriate choice of rescue 
analgesia if patients have ineffective pain relief. Although 
studies using intrathecal opioids have demonstrated im- 
proved analgesia, there have been a limited number of 
studies that assess their respiratory effects.’ 

The aim of this study was to investigate whether the 
combination of low-dose (0.3 mg) intrathecal morphine and 


patient-controlled i.v. morphine provides more effective 
analgesia than patient-controlled i.v. morphine alone in 
patients undergoing knee arthroplasty. A secondary aim was 
to investigate the respiratory effects of the combination of 
intrathecal morphine and patient-controlled i.v. morphine as 
rescue analgesia. 


Methods 


After obtaining Hospital Ethics Committee approval and 
informed patient consent, we studied 38 ASA 1 or 2 patients 
scheduled for unilateral knee arthroplasty, in a prospective, 
randomized, double-blind, placebo-controlled study 

Patients undergoing knee arthroplasty were chosen for 
this study because audit from our acute pain team has 
consistently shown that these patients have hugh analgesic 
requirements and require early mobilization. 

Patients in whom either non-steroidal anti-inflammatory 
drugs or spinal anaesthesia were contraindicated were 
excluded from the study. 
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The anaesthetic management of all patients was standar- 
dized. Spinal anaesthesia was undertaken using a mixture of 
0.5% heavy bupivacaine 2-2.5 ml plus a pharmacy- 
prepared solution of morphine or saline, which was 
allocated on a double-blind randomized basis by pharmacy, 
using a computer-generated random number system. The 
randomization was stratified to ensure that moming and 
afternoon cases were divided equally between the two 
groups. 

Patients received either morphine 0.3 mg (0.3 ml from a 
2-ml ampoule of 1 mg mI” preservative-free morphine), or 
normal saline 0.3 ml (0.3 mi from a 2 ml 0.9% sodium 
chloride solution) in addition to the bupivacaine in their 
spinal anaesthetic. General anaesthesia was induced in 
unpremedicated patients with propofol (1-3 mg kg™') and 
fentanyl (0-1 pg kg”) at the anaesthetist’s discretion. 
Maintenance of anaesthesia was provided with oxygen, 
nitrous oxide and enflurane in patients breathing spontan- 
eously through a laryngeal mask airway. 

In addition to the spinal injection, postoperative analgesia 
consisted of diclofenac 50 mg every 8 h (PO or PR). Patients 
were allowed to self-administer i.v. morphine via a patient- 
controlled analgesia system (Graseby 9300 model) in 1 mg 
boluses with a 5-min lockout period. Metoclopramide was 
routinely prescribed for postoperative nausea and vomiting. 
All patients were given oxygen by nasal cannulae at 
2 litres min“, if at any time their oxygen saturation was 
noted to be 94% or below. 

The use of a visual analogue scale was described at the 
preoperative visit and the effectiveness of analgesia was 
measured by visual analogue pain scores on movement 
(VASm 0-10) at 4, 12 and 24 h. Patients were also asked to 
give a verbal rating score for satisfaction with the quality of 
analgesia (poor, fair, adequate, good, excellent), and pain 
severity (absent, mild, discomforting, distressing, excruci- 
ating) for the 24-h period. In addition, the PCA 24 h 
morphine consumption was recorded. 

Respiration was monitored continuously using the 
Edentec model 3711 digital recorder (Edentec 3711, 
Nellcor, Eden Prairie, MN, USA) for 1 h preoperatively 
for a baseline reading, and then for 13—14 h after the patient 
had returned to the orthopaedic ward postoperatively. This 
digital recorder comprises a lightweight portable recorder, 
with non-invasive probes attached to the subject, continu- 
ously measuring nasal airflow, chest impedance and pulse 
oximetry. Chest impedance and heart rate were recorded by 
attaching two electrodes to each side of the chest (mid 
axillary line at T4—5). Chest wall movement was measured 
by passing a constant current through the chest giving a 
measure of impedance. Nasal airflow was measured by a 
thermistor attached between the upper lip and nose. 

All Edentec respiratory data were downloaded onto a 
desktop computer. Each tracing was assessed in 10-min 
epochs by two of the authors (P.C., D.C.) in a blinded 
fashion. These data were edited to exclude obvious artefact 
recordings, which included non-physiological hypoxaemia, 


interference due to patient movement and/or disconnection 
from the recorder. The edited data were then analysed using 
an ETS 2.0 software program. 

An apnoea event starts when the airflow stays between 
+5% and -5% of baseline for at least 10 s, and ends when the 
airflow is greater than 5% or less than -5%. A hypopnoea 
event starts when the trace amplitude is less than 50% of the 
average amplitude over the previous 2 min and stays at or 
below this level for at least 10 s. The event ends as soon as 
the amplitude increases above 50% of the average ampli- 
tude.® Frequencies of events were calculated per hour of 
recording. Studies with less than 4 h of recorded data were 
regarded as technically unsatisfactory and rejected. The 
respiratory distress index (RDI) is the sum of apnoea and 
hypopnoea events per hour. An RDI greater than 30 is said 
to be diagnostic of sleep apnoea/hypopnoea syndrome 
requiring treatment.” 

Hypoxaemia was classified by previously defined cri- 
teria” as mild when the Spo, was <94% >12 min bh”, 
moderate when the Spo, <90% >12 min h`! and severe when 
the Spo, <85% >6 min h”’. The mean saturations and the 
percentage time spent below a saturation of 95% during the 
study period for each patient were also recorded. 

Measurement of oxygen saturation, sedation scoring 
(O=none, patient alert; l=mild, occasionally drowsy, easy 
to arouse; 2=moderate, frequently drowsy, easy to arouse; 
3=severe; somnolent, difficult to arouse), respiratory rate 
and visual analogue score for pain were recorded on the 
ward at hourly intervals for the first 4 h and then every 4h 
thereafter. The incidence of nausea or pruritus requiring 
treatment was noted. 

Previously collected audit data on patients who had 
received a spinal anaesthetic with bupivacaine alone and a 
morphine PCA following knee arthroplasty had shown that 
the mean morphine consumption was 40 (SD 16) mg. 
Assuming a clinically significant reduction in morphine 
consumption of 20 mg, it was calculated’? that 30 patients 
(15 pairs) would be required to have a 90% power of 
detecting a 50% reduction in 24 h morphine consumption at 
a significance level of 0.05. 

Data were analysed by using the SPSS statistics package 
(version 8). Mann-Whitney and chi-squared tests were used 
for the non-parametric data, and an unpaired Student’s t-test 
for the patient characteristics. A value of P<0.05 was 
regarded as statistically significant. 


Results 


Thirty-eight patients completed the study. Two patients 
were excluded as an incorrect dose of intrathecal drug was 
administered to one and premedication was given to the 
second. Due to software problems with the Edentec monitor 
and patient non-compliance, a further four patients had 
incomplete respiratory data for analysis, but their data on 
morphine consumption were included. 
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VAS (movement) 









Morphine (n = 17) 






Placebo (n = 17) 


Fig 1 Box plot of visual analogue score on movement (VASm) scores at 
4, 12 and 24 h postsurgery. Boxes represent interquartile range, 
honzontal lines ın the boxes represent median values, and error bars the 
range The VASm scores were significantly reduced at 4 (P<0.01), 12 
(P=0.01) and 24 (P<0.05) h in the intrathecal morphine group when 
compared with the intrathecal salme group Open inverted tangle 
represents an outlying value. 


Patient characteristics were similar between the two 
groups. Mean (SD) age, body weight and height were 70.3 
(9.9) yr, 82.3 (15.7) kg and 1.7 (0.1) m, and 71.3 (7.6) yr, 
80.5 (14.3) kg and 1.7 (0.1) m in the intrathecal morphine 
and intrathecal saline groups, respectively. 

The preoperative baseline respiratory monitoring 
showed median saturations (interquartile range) of 98.5 
(96--99)% in the morphine group and 98.5 (97-99)% in 
the control group. 

Patients in the intrathecal morphine group had signifi- 
cantly lower VASm pain scores on movement at 4, 12 and 
24 h (Fig. 1), and used a significantly lower dose of patient- 
controlled i.v. morphine in the first 24 h after surgery 
(Fig. 2). 

Although more patients in the intrathecal morphine group 
scored the severity of their pain as mild or absent and more 
patients in this group required treatment for emesis, these 
differences were not statistically significant. There was no 
significant difference between the two groups in the 
incidence of pruritus or their verbal rating of satisfaction 
(Table 1). 

When comparing the apnoea and hypopnoea episodes, 
there was no significant difference between the two groups 
in the median RDI or in the incidence of those with a 
respiratory distress index >30 (Table 2). Patients in both 
groups had disordered respiratory patterns with episodes of 
central and obstructive apnoea. 

The median values of the mean saturations in the 
postoperative period between the two groups were com- 
pared and were significantly lower in the intrathecal 
morphine group compared with the intrathecal saline group. 
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Fig 2 Box plot of 1. PCA morphine consumption in the first 24 h 
postsurgery in the mtrathecal morphine and intrathecal saline (placebo) 
groups. Boxes represent interquartile range, horizontal lines in the boxes 
represent median values, and error bars the range There is a significant 
difference between the intrathecal morphine and intrathecal placebo 
groups (P<0 01). Closed diamond and closed square represent outlying 
values 


Using previously defined criteria,’ 5/17 patients in the 
intrathecal morphine group could be classified as mildly 
hypoxaemic and 1/17 as moderately hypoxaemic during the 
study period. In the saline group, 3/15 subjects showed mild 
hypoxaemia. However, this difference was not statistically 
significant. No patients had severe hypoxaemua using these 
criteria. 

Although patients in the intrathecal morphine group spent 
a median of 10% of their time with a saturation below 95% 
compared with a median of 3% in the placebo group, this 
was not statistically significant. 


Discussion 
This study has achieved the primary aum of demonstrating 
that, following knee arthroplasty, intrathecal morphine 
0.3 mg followed by patient-controlled 1.v. morphine, 
improves postoperative analgesia and reduces i.v. morphine 
consumption compared with patient-controlled i.v. mor- 
phine alone. This confirms earlier studies on the quality of 
analgesia after Caesarean section'!""* and hip surgery." 
Whilst this combination of intrathecal and patient- 
controlled i.v. morphine provides effective analgesia, 
there are concerns ın clinical practice about the safety of 
intrathecal opioids particularly if systemic opioids are used 
for rescue analgesia. A 17-nation European survey revealed 
that, except for the UK, morphine was the most commonly 
used of the long-acting opioids.'° This initial study used 
morphine because it has been extensively used, and 


-whatever degree of respiratory depression was seen with 


intrathecal morphine, respiratory depression would be less 
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Table 1 Highest sedation score, mmor side effects and patient satisfaction/severity during the first 24 h. There was no difference im the median highest 
sedation scores in the first 24 h between the two groups Median values and interquartile ranges are shown The number of patients requiring antiemetic 
treatment and reporting pruritis was higher m the intrathecal morphine group, but this was not statistically significantly Patients reported their analgesia as 
good or excellent, and their pain severity as absent or mild more frequently ın the intrathecal morphine group compared with the saline group 


Emesis Pruritos Satisfaction Severity 
Sedation score (treated) (n=31) (n=29) (good/excellent) (#=32) (absent/mild) (n=31) 
Morphine 1 [0-2] Nine out of 15 (60%) Four out of 15 (27%) Nine out of 15 (60%) 12 out of 14 (86%) 
Placebo 1 [0-1.5] Six out of 16 (38%) Two out of 14 (14%) Nine out of 17 (53%) Nine out of 17 (53%) 
P-value NA 0 065 096 0.07 


Table 2 Postoperative respiratory data. Median (interquartile range) respiratory distress indices (RDI) and number of patients who had an RDI count >30 are 
shown, there was no significant difference within these groups The median values of the mean saturations (interquartile range) (%) show a statistical 
difference between the two groups*, There were more episodes of hypoxaemia i the mtrathecal morphine group compared with the saline group but this did 


not reach statistical significance *P<0 05 


Morphine group (#=17) 


RDI 19 (4~35.5) 
RDI count >30 Six out of 17 
Median Spo, (%) 97 (95-99) 
Incidence of mild/moderate hypoxaemia Six out of 17 


likely to occur when low doses of more lipid-soluble opioids 
are administered by the intrathecal route.’ "7 

Due to the dose-dependent nature of respiratory depres- 
sion,” a dose of morphine 0.3 mg was used, based on an 
earlier dose-response study that showed that this is an 
effective dose with the fewest side effects.* However, more 
recent studies have shown that lower doses (0.1 mg) are 
effective for analgesia after Caesarean section’? and hip 
replacement surgery.!* 

There have been many reports of respiratory depression 
following spinal opioids.’ Previous studies looking at the 
respiratory effects of intrathecal opioids have used a 
combination of pulse oximetry, sedation scoring, respiratory 
rate and invasive arterial blood—gas analysis.” ” 18 

The availability of relatively simple to use, bedside 
respiratory monitors allows us to continuously study the 
ventilatory pattern and oxygenation of patients receiving 
intrathecal opioids. Although it is often assumed that 
bedside monitors such as the Edentec are less accurate 
than conventional sleep studies with polysomnography, this 
equipment has recently been used to validate the detection 
of respiratory disturbances in patients with sleep apnoea/ 
hypopnoea syndrome® and to investigate patients recovering 
from major abdominal surgery.’ 

Our study demonstrated that respiratory disturbances 
occurred in both groups. The pattern of respiratory 
dysfunction was similar to that previously described 
following the use of i.v. morphine,” and included 
obstructive and central apnoeas. 

Although patients in the morphine group spent three 
times as long with a saturation below 95% and twice as 
many were classified as ‘hypoxaemic patients’; that is they 
spent greater than 20% of their time with mild or moderate 


Placebo group (n=15) P-value 
13 (3-34) 0.53 
Five out of 15 091 

99 (97-99) 0.03* 
Three out of [5 0.36 


hypoxaemia (85-94%),° these differences were not statis- 
tically significant. The only statistical difference was 
between the median oxygen saturations in the two groups. 
In view of the risks of postoperative hypoxaemia”’ and its 
potential effects on postoperative morbidity, it was deemed 
necessary to give patients in this study supplementary 
oxygen if their oxygen saturations fell below 94%. Because 
oxygen was not administered to all the study patients, the 
small but statistically significant difference between the 
mean saturations (97% and 99%) may not be of clinical 
significance. 

None of the patients in the study met the pre-defined 
criteria? for severe hypoxaemia, that is, spending more than 
10% of their time with a saturation below 85%. The only 
patient in the study who approached this level was a patient 
in the spinal morphine group who spent 90% of their time 
with saturation below 95% including 4% of their time below 
85%. This would be regarded by most clinicians as a 
significant level of hypoxaemia. 

Because oi the low incidence of respiratory depres- 
sion, a much larger study would be needed to detect or 
exclude a significantly increased risk with low-dose 
spinal morphine. Further studies are required into the 
efficacy and duration of action of more lipid-soluble 
opioids which are likely to be associated with a lower 
incidence of respiratory depression. 
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How much work is required to puncture dura with Tuohy needles? 
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The effects of needle bevel orientation and cerebrospinal fluid (CSF) pressure on dural dis- 
placement and force required to penetrate cadaveric dura were studied using 40 samples. A 
constant hydrostatic pressure was applied to the subdural surface, either high or low, simulat- 
ing the sitting and lateral positions. A 17-gauge Tuohy needle was advanced through the dura 
with the bevel oriented parallel or perpendicular to dural fibres. Travel distance and peak force 
‘at which dural penetration occurred were measured under both pressure conditions. The 
work required to produce dural penetration was calculated. Greater force and work were 
required to penetrate dura in the perpendicular orientation (P<0.05), regardless of the sub- 
dural pressure exerted. Dural displacement was similar under both pressure conditions. 
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Headache occurs in up to 85% of patients following dural 
puncture with a 17-gauge Tuohy needle,’ causing significant 
perioperative morbidity. Some of the differences in the force 
required for dural penetration with different bevel positions 
and dural stress may be accounted for in terms of the dura’s 
biomechanical properties.” Dural bulging may occur in the 
sitting position, as cerebrospinal fluid (CSF) pressures are 
higher,” possibly increasing the tendency for puncture, as 
compared with the lateral or prone positions. Data derived 
from spinal anaesthesia studies* have led to the practice of 
entering the epidural space with the needle positioned 
parallel to the fibres,’ and then rotating the needle to insert 
the epidural catheter. CSF leakage would be minimized’ if 
dural puncture occurred with the néedle bevel oriented 
parallel to the fibre direction. This study was designed to 
evaluate whether bevel orientation or patient position alters 
the force necessary to produce dural puncture. In addition, 
we examined the effect of bevel orientation and patient 
position on maximal dural tenting before dural penetration. 
The work (force dural displacement) required to produce 
dural penetration was calculated for all conditions. 


Methods 


Ten posterior lumbar cadaveric dura samples were 
harvested, trimmed to strips, and then stored in normal 


saline at 3°C until use. All samples were obtained from 
adults. 

A neoprene-O-ring placed on a metal platform (Fig. 1) 
was used to hold dura tightly, and pressure was applied to 
the subdural surface. Two pressures were used: 65 cm H20 
(which simulates the sitting position) and 5 cm H20 (which 
simulates the supine or lateral position).'* The sitting 
simulation pressure was slightly greater than that demon- 
strated in vive in the literature, so that we could see bulging 
of the dural sample. A water manometer was used to 
measure these pressures, which were held constant through- 
out each experiment. 

In order to achieve appropriately blunted needles for the 
experimental situation, 17-gauge Tuohy needles, which had 
been used previously in one single atraumatic epidural 
catheter insertion, were collected. Such bluntness simulates 
changes that occur in the in vivo situation due to passage 
through tissues prior to reaching the dura. Subsequently, 
each needle was used for eight dural punctures (two 
punctures in two dural strips, at each of the four simula- 
tions), and then discarded. 

A materials testing machine (Instron Model 1000 Canton, 
MA, USA) was used to manipulate the Tuohy needle on all 
dural samples. This device is capable of advancing the 
needle at 20 mm min“, while measuring travel distance (i.e. 
dural tenting), resistance and the peak force required for 
dural penetration. 
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Bevel orientation and dural puncture 


Four conditions were tested in each of the dural strips, 
measuring force and total travel before penetration in each 
of these simulations. 

(1) Bevel parallel to the longitudinal fibres, supine position 
simulation, 

(2) Bevel parallel to the longitudinal fibres, sitting position 
simulation. 

(3) Bevel perpendicular to the longitudinal fibres, supine 
position simulation. 






Materials testing machine 


Water 
manometer 


Fig 1 The dural sample ıs mounted on a metal platform, and held in 
position by a neoprene-O-ring. Constant pressure ıs applied to the 
subarachnoid surface using a water manometer The machine advances 
the needle and 1s capable of measuring the total distance travelled and 
the peak force at the pomt of dural penetration 
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(4) Bevel perpendicular to the longitudinal fibres, sitting 
position simulation. 

Data were analysed using the pooled t-test with P<0.05 
being considered significant. 

A total of 10 dural samples was examined, under the four 
conditions outlined above; the total number was 40 
simulations. Samples with artefacts in the tracings, or 
accidental puncture of the dura before measurement were 
excluded. Work required for dural penetration in each test 
was calculated using the data the force needed for dural 
penetration, and measurement of needie travel distance 
(work=force X distance). 


Results 


A typical tracing obtained from the Instron 1000 is 
illustrated in Fig. 2. A mean (SEM) of 5.66 (1.21) Newtons 
(100 g=0.98 N) was required to penetrate the dura with the 
bevel oriented parallel in the supine simulation and 5.50 
(1.33) N in the sitting simulation (NS) (Table 1). When the 
needle bevel was oriented perpendicularly to dura fibres, a 
35% greater force was required in the supine simulation 
(7.66 (2.47) N). In the sitting simulation, a force of 7.39 
(2.06) N was required to pierce the dura. This is 1.89 N more 
force than was required in the parallel orientation, sitting 
position (5.50 (1.33) N). The force required for dural 
penetration with perpendicular orientation in both simula- 
tions was significantly greater than that of parallel onenta- 
tion ın equivalent simulations (P<().05). 

The mean peak travel (dural displacement prior to 
penetration) was 0.33 cm (Table 2). This did not differ in 


9 10 


Time (8) 


Fig 2 Graph of load (g) (100 g=0 98 N) plotted against time (s) Maximum load 1s represented by the peak of the graph Because the tracing 1s at a 
speed of 20 mm min™ one can calculate the maximum dural displacement by measuring the width of the displacement curve (s) and calculating the 
distance travelled by the needle ın that tıme. Note the abrupt downward-swing of the tracing on dural penetration 
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the two patient position simulations or with bevel orienta- 
tion (P>0.05). : 

The work at maximum load is obtained from measuring 
the area under the force versus maximum displacement 
curve. Table 3 summarizes the data for work at maximum 
load for all conditions. In the parallel orientation, supine 
simulation, the work at maximum load was 52.83 
(20.39) N mm! which did not differ from the sitting 
simulation. However, this value was greater in the perpen- 
dicular orientation at both position simulations (P<0.05). 

In eight experiments using the parallel orientation, an 
‘early leak’ was noted prior to dural penetration, that is fluid 
was noted on the epidural surface around the needle tip prior 
to puncture. This was not seen, however, with the needle 
oriented in the perpendicular plane. 


Discussion 


The product of the force applied to a body and its 
displacement is termed work, which is represented by the 
area under the force versus dural displacement curve. 
Classically, most lumbar dural elastic fibres were thought to 
run in a longitudinal direction,?° however, recent studies 


Table 1 Force (Newtons) required to penetrate the dura All values are mean 
(SEM) Greater force was required to penetrate the dura with the needle 
onentated perpendicular to the fibre direction, in both pressure conditions 
(P<0.05) In both needle onentations there was no difference within the 
onentahion between the sitting and supme conditions 





Bevel orientation 








Position ortentation Parallel Perpendicular 
Supine (N) 5 66 (1.21) 7.66 (2.47) 
Siting 5 50 (1.33) 7.39 (2.06) 





Table 2 Travel (cm) at maximum load prior to dural puncture This value 
represents dural displacement. All values are mean (SEM) No significant 
difference 











Bevel orientation 
Position simulation Parallel Perpendicolar 
Supine (cm) 0 34 (0.16) 0.31 (0 14) 
Sithng 0.32 (0 10) 0.31 (0.11) 


Table 3 Work (N mm) at maximum load All values are mean (SEM). 
This value 1s greater (P<0.05) for the perpendicular orientation compared to 
the parallel, both ın the supme and the sitting simulation. There is no 
significant difference within the needle onentation groups for different 
position simulations 











Bevel orientation 
Position simulation Parallel Perpendicular 
Supine (N mm) 52.8 (20.4) 119 3 (65 0) 
Sithng 54 6 (25.2) 100.7 (62 5) . 





have questioned this representation.” In the classical model, 
fewer fibres are cut with the parallel as compared with the 
perpendicular orientation, and less work may be required 
for dural penetration. Our data show that work was 
significantly increased in the perpendicular as compared to 
the parallel orientation (P<0.05), indicating that greater 
force was required to penetrate the dura. The practice of 
entering the epidural space with the needle oriented parallel 
to the fibres is challenged by this finding. Puncture size 
made by a needle with this orientation may be smaller, but 
less force would be necessary for dural penetration. 

The rationale for using the parallel bevel orientation to 
minimize post-spinal headache came from studies using 
spinal needles,* where the aim is to minimize leakage of 
CSF and the development of post-spinal headache. In 
epidural anaesthesia, the aim is to avoid a dural tear and 
therefore prevent CSF leakage. Our data show that when the 
needle bevel is orientated parallel to the dural fibre direction 
less force is required to produce perforation. If an epidural 
needle is introduced into the peridural space with the 
longitudinal orientation of the bevel, then it must be rotated 
90° before introducing the catheter. Such a manoeuvre may 
increase further the likelihood of tearing the dura.” 
Therefore, the perpendicular bevel orientation of the 
Tuohy needle is possibly a technique to avoid such dural 
tears, and what could be a potentially severe headache from 
a 17-gauge needle.’ 

Clinical studies have failed to identify an increased risk of 
dural puncture with the parallel as compared with perpen- 
dicular needle bevel orientation. It may be that the 
differences in penetration between the in vitro and in vivo 
condition can be accounted for by the resting tension of the 
dura. Alternatively, the difference between the clinical 
situation and our findings may be produced by the 
experimental method. The needle was advanced on the 
dural sample at a speed of 20 mm min™. At this slow speed 
the force required to penetrate the dura may be exaggerated. 
In addition, the speed of advancement is constant in our 
experiment. The clinical situation may be marked by 
variations in the speed of advancement, and the accidental 
puncture may be related to uncontrolled rapid movement of 
the needle. 

There was no difference in the force producing dural 
penetrations within needle orientations regardless of the 
position simulations. We had expected the higher pressure 
in the sitting position to decrease the force required to 
puncture the dura. The dura was observed to bulge when 
pressure was added. Loose lateral fixation of the dura to the 
bony canal may exaggerate this change in vivo, thus the lack 
of position effect may be related to the experimental 
method. 

The peak travel data suggest that the mechanisms of dural 
puncture may differ from the presently accepted theory. In 
our model, when the Tuohy needle was advanced through 
the centre of the dural sample, it could be displaced 0.35 cm 
before penetration. Dura is contained within the vertebral 
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canal. The antero-posterior (A-P) diameter is 1.3 cm, 
whereas the widest transverse diameter between the inter 
vertebral foramina is 2.2 cm.’° At the L2 level, the inter 
vertebral foramina are posterior to a frontal plane passing 
through the midpoint of the A-P diameter. This means that 
the dura is not tethered at the posterior aspect of the 
vertebral canal, but at its midpoint just 0.6-0.7 cm from the 
anterior wall of the canal. If our dural samples are displaced 
0.35 cm, the average lumbar dura at its widest point (2.2 cm) 
would probably ‘tent’ more than this. By applying 
proportionality it may be assumed that dura can be displaced 
0.77 cm in vivo. Because the dura is tethered only 0.6 mm 
from the anterior canal wall, it would be impaled prior to 
being stretched maximally. This 1s supported by the work of 
Holloway and Telford,'! who found that following identi- 
fication of the epidural space, the needle was advanced 1- 
1.5 cm prior to obtaining CSF flow in 75% of patients. This 
would place the needle tip at the anterior limit of the 
vertebral canal. 

In eight experiments with the needle oriented parallel to 
the fibres, an ‘early leak’ was noted (i.e. water was noted on 
the epidural surface prior to actual dural penetration). This 
may be due to the needle separating the fibres, allowing for 
some fluid leakage prior to the formation of an actual tract. 

In conclusion, our data indicate that more work is 
required to puncture the dura with the bevel oriented 
perpendicular to the longitudinal axis. This supports our 
contention that it may be safer to enter the epidural space 
with a perpendicularly oriented needle. An ‘early leak’ 
phenomenon was observed with the needle oriented parallel 
to the fibres. The clinical significance of this observation 
and whether it plays a role in the development of postdural 


headache in the absence of an observable penetration 
requires further study. 
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We measured the range of equatorial horizontal widths (EHW) in axially myopic eyes and iden- 
tified the sites of staphyloma using B scan echography. One hundred eyes in 50 patients were 
studied. The axial lengths (ALs) were sorted Into five groups of increasing severity of myopia. 
The group mean AL, group mean EHW and the ratio of EHW/AL was calculated for each 
range. The results suggest that the increase In the AL in an axially myopic eye Is associated with 
an Increase In the EHW. However, this increase in the group mean EHW is relatively small 
(2.3 mm) compared with the Increase mean AL (8.2 mm) across the entire range. The ratio of 
EHW/AL decreased with an increase in the group mean AL. Therefore, the increase In EHW In 
an axially myopic eye is unlikely to be a significant risk facton for inadvertent ocular injury for 
peribulbar injections f a careful single medial canthal approach is used. There was high inci- 
dence of staphylomas in eyes with AL >29 mm, most were Inferior to the posterlor pole of the 


globe, and there were none at the equator. 
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Regional anaesthesia of the eye is a safe and reliable 
technique for various types of ocular surgery. However, 
complications include the sight-threatening inadvertent 
needlestick injuries of the globe. There are a number of 
risk factors that predispose to needle penetration during 
retrobulbar and traditional peribulbar injections, including 
axial myopia. The risk of perforation is said to be 30 times 
greater in eyes with an axial length (AL) of 26 mm or 
greater compared with eyes with normal AL (23 mm or 
less).! 

Recently, there has been an increase in the use of 
peribulbar blocks using the single medial canthal approach 
for various types of ocular surgery. In patients with axial 
myopia, the AL of the globe increases and the equatorial 
horizontal width (EHW) is expected to increase with it. 
Theoretically, this increase in the width of the globe in these 
eyes could be perceived to be a risk factor for an inadvertent 
ocular injury with the medial canthal approach. However, to 
date, there have been no studies addressing this issue. We 
looked into the relationship between the AL and EHW of 
the axially myopic eyes in order to identify the risk of 
perforation with the changing width of the globe. The 
incidence as well as the site of staphyloma in the axially 
myopic eyes was also investigated. 


Patients and methods 


ALs and EHWs of 100 axially myopic yes (AL >23 mm) 
in 50 patients presenting for cataract surgery were 
measured. The patients were recruited consecutively for 
each group of myopia of increasing severity: borderline 
myopia (AL: 23-25 mm); mild myopia (25.1-27 mm); 
moderate myopia (27.1-29 mm); high myopia (29.1- 
31 mm); and very high myopia (>31 mm). Each group 
had 10 patients (20 eyes). There were 26 females and 
24 males with an age range of 52-85 yr (mean 70,3 yr). 
None of the patients had undergone any form of ocular 
surgery previously and their eyes were healthy other 
than lens opecification. 

ALs were measured using a Canon KUI™ biometry 
apparatus and checked using an Alcon Digital B 2000™ 
B scanner to ensure that the measurements were to the 
macula. EHW was measured from the temporal to nasal 
equator using the B scanner. The scans were recorded 
through closed lids holding the scanning probe in the 
horizontal position. None of the B scan measurements 
was made through the lens. This was done to avoid 
distortion of the globe produced as a result of higher 
speed of transmission of sound waves through the lens 
compared with other ocular media. Three measurements 
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of AL and EHW were made from each eye and mean 
values obtained for each. The presence or absence of 
staphyloma and its location were also noted during B 
scan echography. 

The correlation coefficient of the AL and EHW meas- 
urements was calculated and analysis of covariance used to 
represent the relationship between them. 


Results 


The correlation coefficient between the measurements of the 
AL (n=100) and EHW (n=100) obtained from 50 patients 
was 0.80 (P<0.001, Fig. 1). 

By apportioning the total variation in EHW between 
subjects, the within-subject association with length and 
unexplained or residual variation, a relationship of the 
following form was produced: 


EHW=a: constant + between-subject variation + 
b- AL + residual 


where b is the slope of the line that best describes how EHW 
changes with AL within an individual. The regression 
coefficient b was 0.281, that is, for each increase of 1 mm in 
AL within an individual, the EHW is predicted to increase 
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by 0.281 mm. The within-subject correlation, which reflects 
how well the pairwise points all conform to a line with the 
same slope, was 0.93. 

Similar results were obtained when a log EHW-log AL 
relation was explored (r=0.81). The coefficient of the slope 
was 0.32 (t-value=18.5). 

Table 1 shows the grouped mean values including AL, 
EHW and the ratio of the group mean EHW versus group 
mean AL for each range of AL. The group mean AL 
increased by 8.2 mm, the group mean EHW increased by 
only 2.3 mm across the full range of axial lengths studied. 
The ratio EHW/AL decreased with the increasing severity 
of axial myopia (Fig. 2). 

There were no staphylomas in the eyes of AL <27 mm, 
whereas 22 out of 60 eyes (37%) with AL >27 mm revealed 
the presence of a staphyloma. This incidence increased to 
60% in the group with AL >31 mm (Table 2). 

Eighteen (82%) staphylomas were located infenor to the 
posterior pole, whereas four (18%) were at the posterior 
pole of the globe. No staphylomas were found at the 
equator. Twelve (54.5%) of the staphylomas were unilat- 
eral, three in the 27.1-29 mm group, five in the 29.1-31 mm 
group, and four in the group with AL >31 mm. 





R= 0,80 
P <0.001 





Axial length (mm) 


Fig 1 Relationship between AL and EHW of 100 axially myopic eyes. 


Table 1 Grouped data~mean AL, mean EHW and mean rato EHW/AL 














Group AL (mm) Mean AL (mm) Mean EHW (mm) Mean ratio EHW/AL 
(number of eyes) (sD) (sp) (sp) 

1 23-25 (20) 24.2 (0 45) 237 047 098 (001) 

2 25 1-27 (20) 26.0 (0 60) 24 4 (0.60) 0 94 (001) 

3 27 1-29 (20) 28 1 (0,62) 25.4 (0.76) 0.91 (0 02) 

4 29 1-31 (20) 30 5 (0 50) 25.5 (0 67) 0 83 (0 03) 

5 >31 (20) 32 4 (0.88) 26 0 (0 84) 079 (0 02) 
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Discussion 


Local anaesthetic blocks are widely used for eye surgery. 
The first description of the retrobulbar block using cocaine 
was published by Herman Knapp in 1884.” Whilst retro- 
bulbar blocks have been in use for over a century, peribulbar 
blocks have developed since the 1970s.° In the traditional 
retrobulbar block, the local anaesthetic is deposited in the 
posterior intraconal space using an inferotemporal route.** 
During the traditional peribulbar block, injections are made 
around the mid or retrobulbar but essentially in the periconal 
space of the globe. Two injections are usually performed, 
one inferior and another superior to the globe.° 
Complications resulting from local anaesthesia for the eye 
are relatively few. However, loss of vision as a consequence 
of the inadvertent puncture of the globe is obviously a dire 
outcome of what is considered to be a simple procedure. The 
puncture can result in vitreoretinal and choroidal haemor- 
rhage, retinal detachment and delayed proliferative vitreor- 
etinopathy. Foveal injury, optic nerve trauma and 
endophthalmitis have also been reported.’ 

The incidence of perforation during local anaesthesia for 
various types of eye surgery was reported to be 0.1% in 
1965’ and 0.075% in 1978.8 The incidence of perforation 
during peribulbar anaesthesia in patients presenting for 
cataract surgery has been quoted to be 0.024%.° There are 
various factors that predispose to the inadvertent puncture of 


the globe during local anaesthesia. Axial myopia and 
anatomical abnormalities resulting from previous scleral 
buckling procedures are well known hazards.’°!° The 
presence of a staphyloma, enophthalmos, multiple injec- 
tions, faulty technique, uncooperative patient and the type 
of needle used are also important.! 

Patients presenting with axial myopia have a 30 times 
greater risk cf globe puncture compared with those patients 
with normal AL. A risk rate of one perforation for every 140 
peribulbar blocks in eyes with AL >26 mm has been 
calculated.’ The inferotemporal quadrant of the globe, 
followed by disc and macula, is the commonest reported site 
of perforation following retrobulbar and the traditional 
double peribulbar blocks. This is not surprising as the 
majority of blocks are performed using an inferotemporal 
route. Perforation has also been reported in the nasal 
quadrant.’ Attempts have been made to reduce the 
incidence of ocular injury by using blunt or curved needles. 
However, contrary to the expectation and the view 
expressed by Lichter,’ the incidence of needle penetration 
is not lowered with the use of these needles.‘ +4 

The single medial canthal approach for peribulbar 
anaesthesia is a promising technique for ocular surgery. The 
injection is made using a 25G, 16-mm or 25-mm-long 
needle at the medial canthus with the eye fixed in the 
primary gaze. The path of the needle is essentially 





23-25 


26.1~27 


27.1-29 


28.1-31 >31 


Axial length (mm) 


Fig 2 The relationship between EHW/AL and the group mean of ALs. 


Table 2 Incidence of staphyloma with increasing myopia 


Group AL (mm) 
1 23-25 

2 25 1-27 
3 27 1-29 
4 29,1-31 

5 >31 


Number of eyes Number of staphyiomas 
20 0 

20 0 

20 3 (15%) 

20 7 (35%) 

20 12 (60%) 
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perpendicular to the coronal plane along the medial wall of 
the orbit. The local anaesthetic is injected beyond the 
equator of the globe, around the posterior pole, in the 
peribulbar, extraconal space. The injection provides a high 
quality of analgesia and akinesia of the globe as well as lids 
especially, with a large volume of local anaesthetic. This is 
due to episceral, that is, a subtenon spread of local 
anaesthetic." 

It is a well-established fact that AL, particularly in axial 
myopes, is a risk factor for globe injury during the 
inferotemporal approach. However, the literature has not 
addressed the issue of the relationship between the EHW 
and AL in axial myopia. More importantly, what has not 
been investigated is whether the change in EHW is large 
enough to be a risk factor during the single medial canthal 
approach. Our results would suggest that there is an increase 
in the EHW associated with the increase in AL in the axially 
myopic eyes. However, the increase in the EHW is a modest 
one. It is clear from the analysis of the grouped data for AL 
and EHW ‘in Table 1, that the increase in the group mean 
EHW width of 2.3 mm across the full range of ALs studied 
is significantly lower than the increase ın the group mean 
AL of 8.2 mm. Expressed differently, there is a decrease in 
the ratio EHW/AL with increasing severity of axial myopia. 
It is obvious that the shape of the eye would tend to become 
increasingly ellipsoid rather than globular in the patients 
with increasing axial myopia. 

Therefore, the increase in EHW in an axially myopic eye 
is possibly not a significant risk factor for inadvertent ocular 
injury during peribulbar injections where a careful single 
medial canthal approach is used, provided the eye is fixed in 
the primary gaze during the injection. However, it is 
conceivable that poor technique, angulation of the needle tip 
towards the globe, poor patient cooperation, movements of 
the head or eye, especially abduction, may cause problems. 

Staphyloma is an outpouching of the globe resulting from 
the pathological thinning of sclera, choroid and retina. It is a 
fairly common finding in axially myopic eyes. However, 
previous studies have not established the relationship 
between the incidence or location of staphylomas and the 
severity of myopia.'® It is noteworthy that there were no 
staphylomas in the eyes with AL <27 mm (mild myopia) in 
our study. The numbers increased dramatically from 15% in 
group 3 (moderate myopia) to 60% in group 5 (very high 
myopia) presenting with AL >31 mm. The site of the 
staphyloma in relation to the site of injection is of obvious 
importance. The majority of the staphylomas in our study 
were found to be inferior to the posterior pole of the globe. 
There is a high incidence of perforations in the inferotem- 
poral quadrant of the globe even in the eyes with normal 
AL. Therefore, it is not difficult to conceive that the axially 
myopic eye is at risk, not only due to its increased AL, but 
also to the presence of an inferior or posterior staphyloma. It 
would be prudent to avoid the use of inferotemporal route in 
these eyes. It is interesting to note that there were no 
staphylomas in the nasal equatorial region in the eyes 


studied. Thus, the medial canthal approach, theoretically, 
may be less hazardous in axial myopes. Of course, the 
relative ratio of globe and orbital volumes, the extent of the 
space available between the medial aspect of the globe and 
the medial wall of the orbit are the factors that also have to 
be considered. Whilst biometry gives an indication of AL 
during routine assessment of the cataract patients, B scan 
echography is needed to locate the site and size of the globe 
wall abnormalities. 
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We compared onset and offset of action and tracheal intubating conditions after rapacuronium 
and rocurontum in 60 patients in a randomized, assessor-blinded study. Following induction of 
anaesthesia with propofol 2.5 mg kg`', elther rapacuronium 1.5 mg kg”! (n=30) or rocuronium 
0.6 mg kg”! (n=30) was administered to facilitate tracheal intubation. Anaesthesia was main- 
tained with either a propofol infusion (100 ug kg” min`!) or sevoflurane (1% end-tidal) with 
66% nitrous oxide (N20), n=15 In each subgroup. Neuromuscular monitoring was performed 
using an electromyographic (EMG) device (Datex Relaxograph). The lag times (mean 42 (sp 
LT) s and 44 (16) s), maximum block (99 (2)% and 98 (3)%) and intubating conditions at 60 s 
(good-to-excellent in 86% and 84% of patients) were similar for rapacuronium and rocuronlum, 
respectively. The onset time of rapacuronlum was shorter than rocuronlum (87 (20) vs 141 
(65) s, P<0.001), and the degree of block at 60 s was greater (69 (26) vs 50 (27)%, P<0.05). 
Twenty-five per cent recovery was shorter with rapacuronium than rocuronium during propo- 
fol (15.0 (3.2) vs 39.1 (14.2) min, P<0.001) and sevoflurane (15.1 (4.2) vs 47.8 (19.0) min, 
P<0.001) anaesthesia. We conclude that rapacuronium 1.5 mg kg! had a more rapid onset, 


similar intubating conditions, and shorter recovery times than rocuronium 0.6 mg kg. 
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Rapacuronium (ORG 9487), the 16-N-allyl, 17-B-propio- 
nate analogue of vecuronium, is a new aminosteroidal non- 
depolarizing neuromuscular blocking agent with a rapid 
onset and short duration of action.’~* It is less potent than 
rocuronium, requiring a minimum effective dose to produce 
90% paralysis (EDg9) of 1.15 mg kg! compared to an EDgs5 
of 0.3 mg kg™ for rocuronium.*® As a result, rapacuronium 
would be expected to have a more rapid onset and better 
intubating conditions at 60 s than other currently available 
non-depolarizing neuromuscular blocking drugs. Because 
the effect of neuromuscular blocking drugs is known to be 
influenced by the anaesthetic technique, the effect of the 
maintenance anaesthetic (volatile versus intravenous) on the 
recovery profile after rapacuronium-induced blockade must 
be examined. 

This study was designed to test the hypothesis that 
standard intubating doses of rapacuronium and rocuronium 
differ with regard to their onset/offset of action and tracheal 
intubating conditions. In addition, we compared the initial 


recovery profiles of the two non-depolarizing neuromus- 
cular blocking drugs during propofol- or sevoflurane-based 
anaesthesia. 


Patients and methods 


After obtaining institutional review board approval and 
written, informed consent, 60 ASA I-II patients aged 21- 
75 yr undergoing minor orthopaedic surgical procedures 
were enrolled in the study. Patients with hepatic, renal or 
neuromuscular disease, or those taking anticonvulsants, 
aminoglycoside or polypeptide antibiotics, or any other 
medication known to modify the action of neuromuscular 
blockers, were excluded from the study. Exclusion criteria 
also included body weight >130% of ideal and anticipated 
difficulty in performing tracheal intubation. 
On arrival in the operating room, the electrocardiogram 
(ECG), haemoglobin oxygen saturation (Spo,), and non- 
invasive arterial pressure were monitored. After premedica- 
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Table 1 Tracheal intubating conditions according to a three-point scale developed at the Copenhagen Consensus Conference® 








Clinically unacceptable 


Good Poor 


Variables Clinically acceptable 
Excellent 

Position of vocal cords Abducted 

Movement of vocal cords None 

Ease of laryngoscopy Easy 

Airway reaction None 

Movement of the lımbs None 


tion with midazolam 2 mg i.v., anaesthesia was induced 
with propofol 2.5 mg kg? and fentanyl 1.5 pg kg i.v., 
followed 2 min later by either rapacuronium 1.5 mg kg™ 
(n=30) or rocuronium 0.6 mg kg? (n=30) according to a 
computer-generated randomization sequence. One minute 
after administration of the neuromuscular blocking drug, 
direct laryngoscopy was initiated followed by tracheal 
intubation. Intubating conditions were assessed using a 
three-point scale (Table 1)° by an experienced anaesthetist 
who was blinded to which neuromuscular blocking drug 
was administered. A 20-s interval was allowed for the first 
attempt at intubation, and in the event of failure, a second 
attempt was made at 90 s. 

Anaesthesia was initially maintained with either a 
propofol infusion 100 pg kg’ min™ or 1% sevoflurane 
(end-tidal) according to random assignment, ın combination 
with 66% nitrous oxide (N20) in oxygen using a semiclosed 
circuit with a total flow of 3 litres min! (n=15 in each 
subgroup). Incremental bolus doses of fentanyl were 
administered as required. Ventilation was controlled to 
maintain an end-tidal partial pressure of carbon dioxide 
(PETco,) between 4.3 and 5.5 kPa. A skin thermistor was 
taped to the hand close to the electromyographic (EMG) 
monitoring site. Skin temperature and central temperature 
(measured at the oesophagus) were maintained above 
32.5°C and 36.5°C, respectively, using warmed blankets. 
End-expired partial pressures of carbon dioxide, nitrous 
oxide and sevoflurane were measured using a multiple gas 
analyser (Capnomac Ultima; Datex) which had been 
calibrated using a standard gas mixture (Quick Cal, Datex). 

Neuromuscular monitoring was performed using the 
Datex Relaxograph (Helsinki, Finland) to record the EMG 
response of the adductor pollicis to supramaximal square- 
wave train-of-four (TOF) stimulation of the ulnar nerve at 
the wrist for 0.2 ms every 10 s during the onset period, and 
every 20 s following tracheal intubation. The EMG 
recording apparatus was connected to the patient before 
induction of anaesthesia, and the ‘baseline’ calibration 
sequence (which required 45—60 s to complete) performed 
as soon as the patient lost consciousness. This was followed 
1 min later by a bolus dose of either rapacuronium or 
rocuronium, administered over 5 s into a rapidly flowing i.v. 
infusion line positioned in the contralateral forearm from 
that used for neuromuscular monitoring. Neuromuscular 
blockade was allowed to recover spontaneously until the 


Intermediate Closed 

Moving Closing 

Fair Difficult 
Diaphragm Sustained (>10 s) 


Shght 


Vigorous 


first response to TOF stimulation (T;) achieved at least 25% 
of the baseline value. 

Clinically significant cardiovascular events (1.e. changes 
in arterial pressure or heart rate 30% above or below 
baseline values) occurring within 10 min of administration 
of the study drug and any possible histamine release-related 
signs (e.g. flushing, cutaneous erythema, bronchospasm) 
were recorded. An adverse event was defined as an unusual 
or unexpected clinical sign, which manifested itself or 
worsened during the intraoperative study period, irrespect- 
ive of whether it was thought to be study drug related. 

The following parameters were measured or calculated 
from the EMG recordings: (i) the time from the end of study 
drug injection until first depression T, (lag time); (ii) the 
time from the end of study drug injection until 95% 
depression T, (onset time); (iii) the degree of block at 60 s; 
(iv) the extent of maximum block; and (v) the time from the 
end of study drug injection until spontaneous recovery of T,/ 
To to 25%. The time to 25% recovery T,/To was calculated 
by using the final EMG T,/To value as a reference.’ 

The sample size was determined by performing an a 
priori power analysis to detect a difference of 30% or more 
in the onset time between the two neuromuscular blocking 
drugs (0.05 two-sided significance level, 80% power) based 
on previously published data.'> Analysis of variance 
(ANOVA) was used for analysing physical characteristics, 
and Fisher’s exact test was utilized for assessing 1ntubating 
conditions and adverse effects. Student’s t-test or Mann- 
Whitney U-test was used for analysing onset and offset 
times between the two neuromuscular blocking drugs and 
the two anaesthetic techniques as appropriate. Differences 
between groups were considered statistically significant 
when the P-value was <0.05. 


Results 


The four subgroups were comparable with regard to age, 
weight, height, sex, ASA class and maintenance anaesthetic 
requirement (Table 2). 

The lag times were similar after the two drugs but the 
onset tıme of rapacuronium was significantly shorter than 
that of rocuronium (Table 3). The degree of block at 60 s 
produced by rapacuronium was also greater than rocur- 
onium (Table 3). Tracheal intubating conditions were 
comparable for both neuromuscular blocking drugs, with a 
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Table 2 Physical characteristics and anaesthetic drug requirements for the four 
differences were noted between the four groups for any vanable 





study subgroups. Values are mean (SD or range), or numbers No significant 





Rapacuronhun Rocuronium 
Propofol (#=15) Sevoflurane (1=15) Propofol (n=15) Sevoflurane (n=15) 
Age (yt) 36 (21-70) 38 (21-63) 42 (29-68) 40 (22-75) 
Weight (kg) 76 (15) 77 (16) 79 (11) 77 (18) 
Height (cm) 170 (9) 171 11) 173 (13) 165 (13) 
Sex (M/F) 916 8/7 9/6 8/7 
ASA (1/2) 5/10 718 6/9 5/10 
Propofol (ug kg™ min“) 108 (20) ~ 105 (21) — 


Sevoflurane (end-tidal %) 


1.1 (0.1} 


11@1) 


Table 3 Onset and imtal recovery variables as well as intubating conditions after rapacuromum 1,5 mg kg! or rocuronium 0.6 mg kg. Propofol + 
sevoflurane represents pooled data of the two subgroups. Values are mean (SD (median)), or numbers (percentages). *P<0.05, **P<0 001 vs rocuronum 








Rapacuronium 

Lag ume (s) 42 (11 (40) 
Onset tume (8) 87 (20 (81))** 
Block at 60 s (%) 69 (26 (82))* 
Maximum block (%) 99 (2 (100)) 
Intubating conditions at 60 8 (n, %) 

Excellent 16 (53) 

Good 10 (33) 

Poor 1 @) 

Impossible 3 (10) 
Time to recovery of T,/Tp to 25% (mun) 

Propofol 15.0 (3.2 (14 3))** 

Sevoflurane 15.1 (42 (15.0))** 


Propofol + sevoflurane 15.1 (3.7 (14.5)** 


good-to-excellent rating achieved in 87% and 83% of 
patients at 60 s with rapacuronium and rocuronium, 
respectively (Table 3). Intubation was not possible in 
three (10%) patients in each group at 60 s due to inadequate 
muscle relaxation; however, they were successfully intu- 
bated at 90 s with an equal distribution of excellent, good 
and poor scores among the three patients in each group. 
Recovery of T;/To to 25% was similar for each neuromus- 
cular blocking drug during propofol- or sevoflurane-based 
anaesthesia (Table 3). When compared with rocuronium, 
recovery of T,/Tp to 25% after rapacuronium was signifi- 
cantly shorter during both propofol- and sevoflurane-based 
anaesthesia (Table 3). 

Adverse events were noted in five patients after 
rapacuronium and four patients after rocuronium. In the 
rapacuronium group, one case of severe bronchospasm was 
noted after tracheal intubation in a 35-yr-old male smoker. 
The other adverse events (e.g. transient tachycardia or 
hypotension) occurred after tracheal intubation and admin- 
istration of the maintenance anaesthetic. They required no 
treatment and were considered unlikely to be related to the 
study drugs. 


Discussion 
This study confirmed the rapid onset of neuromuscular 
block after rapacuronium 1.5 mg kg™ i.v.’ The lag time 


Rocuroninm 





44 (16 (45)) 
141 (65 (125)) 
50 (27 (55)) 
98 (3 (100)) 


39.1 (14.2 (43.3)) 
47.8 (19 0 (40.5) 
43 4 (168 (41.1) 


and extent of maximum block determined in our study were 
in agreement with those reported by van den Broek and 
colleagues (42 (11) vs 41 (13) s and 99 (2) vs 99 (1)%, 
respectively),> whereas the onset time and blockade at 60 s 
were similar to the findings of Debaene and colleagues (87 
(20) vs 96 (20) s and 69 (26) vs 62 (31)%, respectively).* 

The dose-response relationship for rapacuronium has not 
been well established. In their preliminary investigation, 
Wierda and colleagues” reported an EDoo of 1.15 mg kg™ 
for rapacuronium. However, the dosage used was based on 
the bromide salt of rapacuronium, whereas the dosage 
calculation in the more recent studies was based on the free 
base (100 mg=113.4 mg of the bromide salt). Thus, a dose of 
rapacuronium 1.5 mg kg™ in our study would represent 
1.5XEDo9 (recalculated for the free base). Our: study 
demonstrated that even at this lower dose (1.5XEDgq vs 
2XEDo), the onset of action was more rapid and the degree 
of blockade at 60 s greater with rapacuronium compared to 
rocuronium. 

This finding is consistent with the inverse relationship 
between potency of non-depolarizing neuromuscular block- 
ing drugs and the speed of onset of effect.® With less potent 
drugs like rapacuronium, more drug molecules are admin- 
istered, thereby increasing the concentration gradient 
between the plasma and the motor end-plate.?!° An 
alternative explanation for the rapid onset of rapacuronium 
relates to its rapid equilibration between the plasma and 
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effect sites.!! The equilibration rate constant (Keo) of 
rapacuronium (0.41 min™™) is more than twice that of 
rocuronium (0.17 min™')!? and 3.4 times that of vecuronium 
(0.12 min™’).!? Additionally, in animal studies rapacuro- 
nium has been shown to possess calcium channel blocking 
effects that produce vasodilatation 25-50 times greater than 
vecuronium. 4 Increased blood flow to skeletal muscle may 
also contribute to the rapid onset of neuromuscular blockade 
with rapacuronium. 

The fast onset of neuromuscular blocking effect after 
rapacuronium coincides with the achievement of clinically 
acceptable (good-to-excellent) intubating conditions in the 
majority of patients at 60 s. Kahwaji and colleagues!’ 
reported good-to-excellent intubating conditions in 86% of 
young adults and 84% of elderly patients within 90 s after 
rapacuronium 1.5 mg kg. However, our findings differed 
from those of Wierda and colleagues’ who reported good- 
to-excellent intubating conditions at 60 s in 100% of 
patients. A possible explanation for this difference relates to 
the fact that tracheal intubation was performed 5-10 min 
after inhalation of isoflurane (1.0%) in combination with 
nitrous oxide in the earlier study. The onset time of 
rapacuronium 1.5 mg kg”! in the laryngeal adductor muscles 
is 1.0 (0.2) min,* shorter than rocuronium 0.5 mg kg? at 1.4 
(0.3) min’ and approaching succinylcholine 0.5 mg kg™ at 
0.9 (0.1) min.!” At the time of intubation, rapacuronium- 
induced neuromuscular block at the larynx would be nearly 
maximum, thereby facilitating tracheal intubation. 

The 25% recovery time of rapacuronium was found to be 
longer in the present investigation compared to two previous 
studies by Wierda and colleagues.’ These investigators 
reported that 25% T,/To recovery of rapacuronium was 8.0 
(1.9) min and 8.9 (2.0) min during 1.0% isoflurane’ and 
1.0% halothane? anaesthesia, respectively. However, our 
results are consistent with those of Kahwaji and colleagues 
(14 (6) min for young adults and 17 (5) min for elderly 
adults) }° and Purdy and colleagues (16.2 (4.0 min)).!® The 
discrepancies are probably accounted for by the different 
drug moieties. A dose of 1.5 mg kg™ in the present study is 
equivalent to 1.7 mg kg™ in Wierda’s studies, at least 
partially explaining the difference in 25% T/T recovery 
time. Recovery time of T,/Tp to 25% after rapacuronium 
during either propofol- or sevoflurane-based anaesthesia 
was found to be significantly shorter than after rocuronium. 
The more rapid plasma clearance of rapacuronium contrib- 
utes to its shorter duration of action (7.3 ml kg’ min”? vs 
4.0 ml kg! min™ for rocuronium).!” 

Recovery of T,/Tp to 25% with both neuromuscular 
blocking drugs was similar during propofol and sevoflurane 
anaesthesia. This finding may be related to the time- 
dependent potentiating effects of potent inhaled agents on 
non-depolanizing neuromuscular blocking drugs.” 
Although data for sevoflurane are not available, full 
isoflurane-induced potentiation of muscle relaxant activity 
requires 30-45 min of steady-state anaesthesia.” It is 
possible that the 25% recovery of T)/To after both 


rapacuronium and rocuronium would have been prolonged 
during sevoflurane (vs propofol) anaesthesia had the 
exposure occurred over a longer time interval. Xue and 
colleagues?” have reported that recovery of T;/Tp to 25% 
after rocuronium 0.4 mg kg? was longer during sevoflurane 
anaesthesia (1.75%) compared to a propofol-based tech- 
nique. However, in their study the patients received the 
volatile anaesthetic for ~40 min before the neuromuscular 
blocking drug was administered. The experimental design 
used by these investigators bears little relevance to the usual 
clinical situation; we therefore allowed for a much shorter 
stabilization period of ~1 min. 

A shortcoming of the current study lies in the use of the 
Datex Relaxograph for monitoring neuromuscular function. 
As a result of the downward drift of the EMG amplitude 
over time, it is not uncommon for T,/To to regain only 70— 
80% of its baseline value despite a TOF ratio exceeding 
0.9.7 In the present study, the final T,/Tp values recovered 
to 81 (SD 9)% of baseline values, corresponding to TOF 
ratios of 0.85. To compensate for this phenomenon, the 
values for 25% T,/To recovery times were determined by 
using proportional recalculation based on the final EMG T,/ 
To value.’ 

In conclusion, rapacuronium 1.5 mg kg™ exhibited a 
more rapid onset of action than rocuronium 0.6 mg kg™ and 
provided good-to-excellent intubating conditions in the 
majority of patients at 60 s. The initial recovery time of 
tapacuronium was ~50% shorter than that of rocuronium, 
and was not significantly altered by the maintenance 
anaesthetic. These data suggest that rapacuromium 1s a 
useful addition to the armamentarium of currently available 
non-depolarizing neuromuscular blocking drugs for facili- 
tating tracheal intubation in patients undergoing short 
surgical procedures. 
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Comparison of succinylcholine with two doses of rocuronium 
using a new method of monitoring neuromuscular block at the 
laryngeal muscles by surface laryngeal electromyography 
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We compared the onset of neuromuscular block with succinylcholine (1 mg kg™') and two 
doses of rocuronium (0.6 and 0.9 mg kg™') at the adductor pollicis muscle using electromyogra- 
phy (EMG) and acceleromyography (AMG), and at the adductor laryngeal muscles with a new 
electromyographic method using a disposable surface electrode attached to the cuff of a tra- 
cheal tube. At the larynx, the mean (+sp) time to 90% block and the onset time of succinylcho- 
line (3815 and 47£19 s, respectively) were significantly shorter (P<0.01) than for 
rocuronium 0.6 mg kg”! (9242 and 106+38 s) and rocuronium 0.9 mg kg! (5231 and 
6430 s), We found that, with comparable degrees of neuromuscular block, the onset time of 
succinylcholine at the adductor pollicis was significantly shorter (P<0.01) than for rocuronium 
0.6 mg kg”! and 0.9 mg kg! (EMG, 80439 vs 145+48 s and 99431 s; AMG, 90439 vs 124+53 
s and 106+38 s). Clinical duration at the adductor pollicis (AMG) was significantly longer 
(P<0.01) for both rocuronium groups than for succinylcholine (T4:T)=0.7, 54418 and 77421 
vs 86 min). The surface laryngeal electrode proved non-invasive, easy to use and reliable In 


measuring onset of the neuromuscular block at the larynx. 
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Since its introduction in 1956, succinylcholine has been the 
main neuromuscular blocking drug for rapid-sequence 
induction (RSD or difficult intubation.’ Because of its 
potential to cause serious side effects, efforts have been 
undertaken to find an alternative non-depolarizing neuro- 
muscular blocking drug with a short onset and offset of 
block to replace succinylcholine, especially for RSI.?? 

Rocuronium has been studied as an alternative to 
succinylcholine; in most studies, however, the onset and 
offset of the neuromuscular block have been measured 
at peripheral, easily accessible muscles. Neuromuscular 
blockade at the larynx should be compared with 
peripheral muscles, such as the adductor pollicis muscle, 
using similar monitoring methods, such as surface 
electromyography. 

For more than two decades, intraoperative monitoring of 
the recurrent laryngeal nerve has been the focus of extensive 
research in otolaryngological surgery of the thyroid gland. 
Initially, needle electrodes were used, placed translarynge- 
ally through the operating site;* later, needle electrodes 
were applied endoscopically. Although electromyographic 
signals obtained via needle electrodes are regarded as the 


gold standard in monitoring, special expertise 1s required 
during insertion and electrodes are needed which are not 
displaced during surgery. 

Recently, non-invasive forms of monitoring the laryngeal 
response to stimulation of the recurrent laryngeal nerve have 
been tested. Special tracheal tubes with integrated elec- 
trodes proved reliable but expensive,° and a postcricoid 
electrode inserted into the upper pharynx lacked reliability.® 

We used a new disposable surface electrode,’ attached to 
a tracheal tube and placed between the vocal cords at 
intubation, to measure the onset of neuromuscular block 
obtained with two doses of rocuronium compared with 
succinylcholine. 


Materials and methods 


After approval of the local ethics committee and written 
informed consent had been obtained, 90 patients undergoing 
surgery of the thyroid gland were included in the study. 
Pregnant women, patients with neuromuscular, hepatic or 
renal disease, and patients receiving medication known to 
interact with neuromuscular blocking drugs were excluded. 
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Fig 1 Disposable surface laryngeal electrode. The distal electrode part is 
glued around the tube 2 cm above the cuff and placed between the vocal 
cords at intubation; the electrode 1s proximally secured around the tube 
to avoid misplacement during surgery 


Anaesthesia was induced using an infusion of remifenta~ 
nil 0.5 ug kg“1 min™. Two minutes later, target-controlled 
infusion of propofol (target concentration 4 ug ml~') was 
started, programmed to reach the target concentration 
within 30 s. After induction of anaesthesia, the patients 
were ventilated using a face mask for 3 min and intubated 
using an oral Woodbridge tube (Mallinckrodt, Bicester, UK) 
(size 7.0 for females and 8.0 for males) with the surface 
laryngeal electrode (Magstim company, Whitland, UK) 
attached 2 cm above the beginning of the cuff (Fig. 1). The 
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Fig 2 A compound action potential of the electromyographic response of 
the laryngeal muscles after injection of the neuromuscular blocking drug 
and decrease of the neuromuscular response. Amplitude height P1-P2 
was measured as the neuromuscular response (mean (SD) (range)). 


electrode was placed between the vocal cords for optimal 
electromyography (EMG) recording. The recurrent laryn- 
geal nerve function of all patients was checked 3 days after 
operation using indirect laryngoscopy by the otolaryngol- 
ogist. Any lesion or damage to the vocal cords due to the 
surface laryngeal electrode was noted. 

Anaesthesia was maintained by target-controlled infusion 
of propofol (target concentration 3 ig mI’) and remifenta- 
nil 0.25 ug kg! min”; mechanical ventilation (30% oxygen 
in air) was adjusted to achieve an end-tidal CO, pressure of 
26-35 mm Hg. 

After induction and fixation of the tracheal tube, the 
recurrent laryngeal nerve was stimulated transcutaneously 
with an external nerve stimulator (Multiliner®; Ténnies, 
Wiirzburg, Germany) at the notch of the thyroid cartilage, to 
produce maximum response of the adductor laryngeal 
muscles. The external nerve stimulator has a probe that is 
attached at the neck with an elastic band. It delivers a 
current between 0 and 70 mA. Single twitch stimuli (0.1 Hz; 
pulse width 0.2 ms) were applied to the left recurrent nerve 
to determine supramaximal stimulation, and were recorded 
using Multiliner® software. The current was increased to 
that with the maximal EMG response (<70 mA) and then 
increased by 10 mA to ensure supramaximal stimulation. 
The amplitude of the compound action potentials was 
measured and recorded (Fig. 2). After stimulation of the left 
ulnar nerve with Ag/AgCl electrodes, evoked EMG single- 
twitch responses (0.1 Hz; pulse width 0.2 ms) from the 
adductor pollicis muscle via Ag/AgCl electrodes placed 
over the base of the thenar area were recorded; automatic 
calibration of the Datex Relaxograph® NMT 100 (Datex 
Instrumentarium Corporation, Helsinki, Finland) was used 
to determine supramaximal stimulation (0-70 mA). The 
right thumb was equipped with an acceleromyographic 
(AMG) probe to record the neuromuscular response of the 
adductor pollicis muscle. The automatic calibration setup of 
the TOF-guard§™T (Organon, Helsinki, Finland) was used 
to determine supramaximal stimulation (single twitch, 0.1 
Hz). 

After no change in the neuromuscular response had been 
detected at all three sites for at least 10 min, the patients 
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Table 1 Physical characteristics (mean (SD) (range)) 


Group Age (yr) 





Sex (M/F) Height (cm) Weight (kg) ASA (1, 2, 3) 
All groups f 52 (15) (20-81) 29/61 168 (9) (145-190) 74 (15) (47-127) 27/45/18 
Suceimylcholne 1.0 mg kg” 55 (14) (20-77) 9/21 167 (9) (145-182) 71 (14) (49-98) 9,14,7 
Rocuronium 0.6 mg kg” 50 (16) (26-81) 10/20 168 (8) (152-189) 77 (17) (47-127) 8,18,4 
Rocuronium 09 mg kg” 51 (43) (29-78) 10/20 168 (10) (150-190) 74 (14) (49-100) 10,13,7 





Table 2 Onset time and peak effect of neuromuscular block after succinylcholine 1 mg kg and rocuromum 0,6 mg kg™ or 09 mg kg™! at the larynx and 
adductor pollicis muscle. Mean (sD) (range); *P<0.01, larynx vs adductor pollicis (EMG and AMG); ‘P<0.01, succinylcholine vs both doses of rocuronium, 
*P<0.01, rocuronium 0.9 mg kg” vs rocuromum 0 6 mg kg™! 


Succinylcholine 1 mg kg (=30) 
Maximum block (%) 

Lag tme (s) 

90% block T,/To (8) 

Onset ume (8) 

Rocuronium 0.6 mg kg” (n=30) 
Maxımum block (%) 

Lag time (s) 

90% block T,/To (3) 

Onset tume (8) 

Rocuronium 0.9 mg kg”! (n=30) 
Maximum block (%) 

Lag time (8) 

90% block Tı/To (8) 

Onset tıme (s) 


Larynx (EMG) 


94 (11) (90-100) 
20 (11) (10-50)* 
38 (15) (10-60)*t 
47 (19) (20-120)*t 


95 (3) (90-100) 
22 (11) (10-50)* 
92 (42) (30-170)* 
106 (38) (50-200)* 


98 (5) (81-100) 

21 (13) (10-70)* 
52 (31) (20--190)** 
64 (30) (30~190)** 


Adductor pollicis (EMG) 


94 (6) (76-100) 
41 (14) (10-80) 
71 (39) (30-240)" 
80 (39) (40-260) 


95 (5) (85-100) 
48 (19) (30-80) 
127 (48) (50-260) 
145 (48) (70-280) 


93 (6) (78-100) 
41 (14) (20-60) 
89 (28) (50-150) 
99 (31) (60-180) 


Adductor pollicis (AMG) 


100 (100-100) 
43 (15) (5-90) 
72 (26) (11-1807 
90 (39) (21-220)" 


100 (100-100) 

44 (21) (20-80) 
117 (39) (30-200) 
124 (53) (40-280) 


100 (100-100) 

43 (14) (20-90) 
79 (26) (30-160) 
106 (38) (40-210) 








received randomly, in a double-blind fashion, rocuronium 
0.6 mg kg™! (2XEDg5), rocuronium 0.9 mg kg (3XEDgs) 
or succinylcholine 1 mg kg”, injected over 15 s into a fast- 
flowing intravenous infusion of Ringer’s solution. No 
further dose of neuromuscular blocking drug was given. 

The times from the end of injection of the neuromuscular 
blocking drug to the first twitch depression, to 90% block 
and to the maximum twitch depression (lag time, 90% 
depression T,/To and onset time, respectively) and the 
maximum block were measured. The clinical duration of 
neuromuscular block at the adductor pollicis muscle was 
measured using the AMG; after reaching the initial max- 
imum block, train-of-four stimulation was started at the 
right adductor pollicis muscle every 15 s; times for the first 
twitch response (T/T) to return to 25, 75 and 90% and for 
the TOF to reach 0.7 were measured. 

The results are expressed as mean (SD) and range. The 
physical characteristics of the three groups were compared 
using analysis of variance (ANOVA) and corrected accord- 
ing to the number of comparisons (Bonferroni), P<0.05 was 
regarded as significant. The pharmacodynamic variables 
were compared within the groups between the different 
monitoring sites using the paired-sample t-test, and analysis 
of variance (ANOVA) was used between groups, corrected 
for the number of comparisons (Bonferroni); P<0.05 was 
regarded as significant. 

The correlation between lag time, 90% block, onset time 
and maximum effect at the two muscle sites within groups 


was analysed using Pearson’s test; P<0.05 was regarded as 
significant. 


Results 


Patient characteristics are shown in Table 1. Mean age of the 
patients was 52 yr (range 20-81), and 65% were female. All 
patient data in the three groups were comparable and did not 
show any significant difference. In all patients, determin- 
ation of supramaximal stimulation at all three monitoring 
sites was successful and the laryngeal electrode was still 
attached to the tracheal tube at the time of extubation. 

No side-effects due to transcutaneous stimulation of the 
recurrent laryngeal nerve with a mean current of 40 mA 
(range 25-55 mA), such as cardiac arrhythmias and skin 
irritation, were noted. Postoperative laryngoscopic examin- 
ation did not show any alteration or damage (e.g. 
haematoma or granuloma) to the vocal cords due to 
stimulation or placement of the laryngeal electrode. 

The mean amplitude of the EMG response to placement 
of the laryngeal electrode at the adductor laryngeal muscles 
was 0.9 (0.5) mV (0.4-2 mV) after supramaximal] stimula- 
tion. Comparison of the onset of neuromuscular blockade at 
the two monitoring sites showed that, for both drugs, the lag 
time, 90% block and onset time were significantly shorter at 
the larynx than at the adductor pollicis, with no significant 
differences between EMG and AMG measurements 
(P<0.01, Table 2); the mean maximum effect reached at 
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Table 3 Clinical duration of neuromuscular block at the adductor pollicis muscle for succinylcholine 1 mg kg™, rocuromum 06 mg kg™ and rocuromum 0.9 
mg kg™ in 90 patents Mean (sp), *P<0.01, succinylcholine vs both doses of rocuromum; tP<0.01, rocuronmm 0 6 mg kg”! vs rocuromum 0.9 mg kg 


Succinyicholinel mg kg™ 
T,/To 25 (mm) 7 (2) (4-9)* 
T,/To 75 (min) 8 (2) (S-11)* 
T,/To 90 (min) 9 (3) (5-22)* 
TOF=0.7 (min) 8 (6) (5-30)* 


the three sites in the three groups was >93% and did not 
differ statistically between groups. 

The comparison of the pharmacodynamic data for 
rocuronium compared with succinylcholine showed that 
the lag times for succinylcholine 1 mg kg™ were not 
significantly different from those for rocuronium 0.6 and 0.9 
mg kg” at the larynx or for the three drugs at the adductor 
pollicis muscle, nor was there a significant difference 
between the rocuronium groups at the two monitoring sites 
(Table 2). 

At the adductor pollicis muscle, 90% block and the onset 
time were significantly shorter in the succinylcholine group 
(P<0.01) than in both rocuronium groups (Table 2). The 
90% block and onset time of succinylcholine at the larynx 
were significantly shorter than for both doses of rocuronium, 
and the times for rocuronium 0.6 mg kg~! were significantly 
longer than for rocuronium 0.9 mg kg (Table 2). There 
was no correlation of the lag time, 90% block or onset time 
in the three groups between the larynx and the adductor 
pollicis muscle. 

The clinical duration using AMG at the adductor pollicis 
muscle is shown in Table 3; the clinical duration was 
shortest for succinylcholine, followed by rocuronium 0.6 
and 0.9 mg ke. 


Discussion 

We have shown that, at the larynx and adductor pollicis 
muscle, succinylcholine 1 mg kg™ has shorter onset times 
and a narrower range of effect than both doses of 
rocuronium, even 0.9 mg kg”; lag and onset times were 
shorter at the larynx than at the adductor pollicis muscle. 
The clinical duration of neuromuscular block, as measured 
at the adductor pollicis muscle using AMG, was much 
shorter for succinylcholine, as would be expected. 

Evoked electromyographic responses monitored using a 
disposable surface electrode attached to a tracheal tube were 
used to measure the onset of block at the larynx. The 
technique proved reliable in 90 patients and was easy to use 
without any major technical problems. It was connected to a 
standard EMG-monitoring device (Multiliner®); recording 
was performed using modified nerve conduction software, 
providing not only information about the amplitude of the 
compound action potential but also about the latency and 
duration of the signal. It could be recorded in all patients. 
Since patients were undergoing thyroid surgery, only the 


Rocuronfum 0.6 mg kg” Rocuroniam 0.9 mg kg 





35 (12) (17~6D)t 53 (22) (11-99) 

38 (7) (24~58)" 66 (25) (32-129) 
45 (20) (21-90)" 74 (29) (36-151) 
$4 (18) (27-95)" 77 (21) (43-130) 


onset of neuromuscular block could be measured in this 
way; monitoring of the duration of the neuromuscular block 
at the larynx would have meant delaying the start of surgery 
for almost 1 h in the rocuronium 0.9 mg kg™ group and was 
therefore omitted. We did, however, monitor nerve integrity 
in all patients, because the surface laryngeal electrode was 
used to monitor and identify the recurrent laryngeal nerve 
intraoperatively. In all patients, a compound action potential 
could still be traced and recorded after a mean of 2.5 h of 
surgery. We showed in another study® that the surface 
laryngeal electrode was able to deliver reliable evoked 
EMG signals for up to 6 h. 

All patients were routinely checked 3 days after operation 
by an otolaryngologist who was not aware of the study, or 
by the use of the surface electrode, for any lesion or damage 
to the vocal cords or impairment of vocal cord function; 
none was found. Transcutaneous stimulation of the 
laryngeal recurrent nerve was possible in all patients in 
the same manner as that demonstrated by Donati and 
colleagues” to produce contraction of the adductor laryngeal 
muscles. No harm from the stimulation, such as burns, skin 
irritation and cardiac arrhythmia, was noted. The compari- 
son of the two drugs was undertaken for several reasons: 
rocuronium 0.6 mg kg” is widely used for intubation in our 
clinical setting, and provides a peak effect sufficient to 
ensure good intubation conditions with a reasonable onset 
time, and rocuronium 0.9 mg kg” is used in clinical practice 
to produce onset times equivalent to those given by 
succinylcholine 1 mg kg’. 

Meistelman and colleagues!° investigated the onset and 
duration for rocuronium 0.5 mg kg™! in 14 patients. They 
found an onset time of 1.4 (0.1) min at the vocal cords with 
only 77 (5)% maximum blockade; recovery time to 90% T,/ 
To was 223 min using a cuff pressure method in which the 
pressure change in the cuff of a tracheal tube placed 
between the vocal cords was evaluated. 

Wright and colleagues!! used the same method and 
compared succinylcholine 1 mg kg™ with rocuronium at, 
among other doses, 0.8 mg kg; succinylcholine had a 
much faster laryngeal onset than rocuronium (34 (12) vs 96 
(45) s) and a much narrower range of effect (18-58 vs 44— 
183 s), with peak effects similar to those found in the present 
study. 

In a recent study, D’Honneur and colleagues'* used a 
specially designed tracheal tube to measure onset and 
clinical duration for succinylcholine 1 mg kg™ and 
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rocuronium 0.6 mg kg™ at the larynx. There was a much 
faster onset and shorter duration for succinylcholine than for 
rocuronium, onset time being 58 (10) s (45-75) vs 124 (39) s 
(70-175) and recovery to 90% T,/To 8.3 (3.2) min (5.7- 
14.5) vs 34.9 (7.6) min (26.3—46.2). This is in concordance 
with our findings. 

Whether a neuromuscular blocking drug can be used to 
replace succinylcholine for RSI is also related to its clinical 
duration. It is questionable whether it is important that 
complete relaxation of the larynx occurs after 47 s, as with 
succinylcholine 1 mg kg“, or after 64 s, as with rocuronium 
0.9 mg kg. However, the return of neuromuscular 
transmission at the larynx to control levels after 5~10 min 
or 30-45 min might define whether a patient survives the 
‘can’t intubate—can’t ventilate’ situation. Another important 
difference in the onset time of rocuronium in comparison 
with succinylcholine is the larger interindividual variability. 
Reliable and sufficient relaxation after a given onset time is 
more predictable with succinylcholine. 

Because of its much longer duration of action and greater 
interindividual variability, we would not recommend 
rocuronium 0.9 mg kg™' as a substitute for succinylcholine 
1 mg kg™ for RSI, unless there are contraindications to the 
use of succinylcholine. 
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We studied 70 patients to see if cricoid pressure applied after insertion of the laryngeal mask 
altered the success rate of tracheal intubation through the mask. After Induction of anaesthesia 
and neuromuscular blockade, patients were randomly allocated to have elther cricoid pressure 
(Group C) or sham pressure (Group S). The view of the glottis through the laryngeal mask was 
assessed before and after the test pressure, and tracheal intubation through the mask was 
attempted using a fibreoptic bronchoscope. The test pressure did not alter the view of the 
glottis in any patient in group S, whereas it narrowed the glottic aperture in 16 out of 35 
patients in group C. The fibrescope was inserted into the trachea in all patients in group S and 
in 25 patients in group C. The success rate of tracheal Intubation in group S (3] patients) was 
significantly higher than In group C (21 patients, P<<0.001; 95% Cl for difference: 948%). The 
time for insertion of the fibrescope in group S (median (95% CI): 12 (1 1-12) s) was significantly 
faster than in group C (16 (14-17) s, P<<0.001; 95% CI for difference: 3—6 s), and the time for 
tracheal intubation in group S (16 (15—18) s) was significantly faster than in group C (22 (19 
24) s, P<0,0005; 95% CI for difference: 3-7 s}. Cricoid pressure after insertion of the laryngeal 


mask makes tracheal Intubation through the mask significantly more difficult. - 
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The laryngeal mask* has a potential role in patients with 
difficult arways.)* Cricoid pressure is necessary if such a 
patient is at an increased risk of pulmonary aspiration, 
as the laryngeal mask cannot reliably prevent gastric 
insufflation, regurgitation or pulmonary aspiration.>> 
However, cricoid pressure, when it is applied before 
insertion, impedes the correct positioning of the laryngeal 
mask®* and may prevent adequate ventilation.°”? It has 
been suggested that cricoid pressure should be released 
temporarily during insertion of the laryngeal mask and, once 
the mask has been inserted, cricoid pressure should be 
reapplied.’ ° 

Cricoid pressure applied after insertion of the laryngeal 
mask effectively prevents regurgitation’? and gastric 
insufflation.” The patient is woken up or the trachea 
intubated through the laryngeal mask, because it is difficult 
to maintain sufficient force of cricoid pressure for a 
prolonged period of time,'' and because ventilation via 
the laryngeal mask may be insufficient because of the 





*LMA® is the property of Intavent Limited 


presence of cricoid pressure.” Although one of the authors 
claimed”? that cricoid pressure applied after insertion of the 
laryngeal mask did not usually hamper tracheal intubation 
through the mask, there has been no formal study to confirm 
this. We studied if this claim was supported. 


Patients and methods 


We studied 70 patients (ASA physical status class I or I, 
aged 18-80 yr) undergoing elective surgery, in whom 
tracheal intubation was indicated. Patients with any path- 
ology of the neck, upper respiratory or upper alimentary 
tracts, or at risk of pulmonary aspiration of gastric contents 
were excluded. Patients with Mallampati class 3% or 4'4 
were also excluded. The institutional research ethics 
committee approved the study and written informed consent 
was obtained from all patients. 








{This work was presented in part at the 12th World Congress of 
Anaesthesiologists ın Montreal, Canada, June 2000. 


© The Board of Management and Trustees of the British Journal of Anaesthesia 2000 


Cnicoid pressure and laryngeal mask 


In the operating theatre, an electrocardiograph, a pulse 
oximeter and an arterial pressure cuff were attached. A firm 
pad (7 cm in height) was placed under the patient’s occiput, 
but not under the neck. After pre-oxygenation, anaesthesia 
was induced with intravenous thiopental or propofol, and 
neuromuscular block was produced with vecuronium. 
Neuromuscular block was monitored with a peripheral 
nerve stimulator. Anaesthesia was maintained with sevo- 
flurane in oxygen during the study period. 

A laryngeal mask was inserted using the method 
described in the manufacturer’s instruction manual.'° The 
size 4 was used in all patients for the following reasons. 
First, several studies'*!9 have shown that size selection 
based on sex (size 5 in males and size 4 in females) is more 
appropriate than the weight-based selection described in the 
instruction manual.'® Second, the size 4, rather than size 5, 
was used in males, as the internal diameter of the size 5 is 
larger than that of size 4,15 and this difference might alter 
the success rate of passage of a 6.0-mm-ID tracheal tube 
through the laryngeal mask into the trachea. The cuff of the 
mask was inflated with 25 ml of air. This volume was 
selected because it was the approximate mean minimum 
volume of air which just prevented gas leak around the 
mask,!° and because further inflation of the cuff by the 
maximum volume (30 ml) provides less effective sealing.” 

Adequacy of ventilation was assessed by manual ventil- 
ation. Ventilation was judged as adequate when chest 
inflation suggested a satisfactory compliance. If it was not 
possible to ventilate the lungs adequately, one more attempt 
at placement of the laryngeal mask was allowed. If 
unsuccessful, the patient was excluded from the study. 
After successful insertion, a bite-block (a wad of gauze) was 
inserted, and both the laryngeal mask and the bite-block 
were fixed to the patient’s face with tape. 

A 6,0-mm reinforced tracheal tube (Mallinckrodt, 
Athlone, Ireland) was inserted into the laryngeal mask, 
and a fibreoptic bronchoscope (Olympus, outer diameter: 
3.5 mm) was passed through them. The view of the larynx 
was assessed by looking through the bronchoscope with its 
tip positioned at the level of the grille of the mask. The 
patient was included if only the glottis or the glottis and tip 
of the epiglottis were seen; the patient was excluded if the 
epiglottis was pressed downward or if the glottis was not 
seen. 

Patients were randomly allocated to one of two groups by 
block randomization (in blocks of 10). In one group (Group 
C), cricoid pressure was applied by an assistant, whereas ın 
the other group (Group S), the assistant placed fingers on the 
cricoid cartilage, but applied no pressure (sham pressure), In 
both groups, the assistant placed a free hand under the 
patient’s neck (i.e. bimanual cricoid pressure). When 
applying the test pressure, no efforts were made to extend 
the patient’s head on the neck. The assistant who applied 
cricoid pressure had been trained to generate ~30 N by 
practising on a weighing scale,” and the scale was used 
before each case to standardize the pressure as much as 


possible. The investigator who attempted to intubate 
through the laryngeal mask was blind as to whether or not 
cricoid pressure was being applied, by covering the patient’s 
neck and the assistant’s hands with a drape. The change in 
the patency of the glottis was assessed after application of 
the test pressure (1 = no or mild change; 2 = the anterior 
part of the glottis was narrowed; 3 = the entire part of the 
glottis was narrowed; 4 = glottis not seen). 

The fibreoptic bronchoscope was then inserted into the 
trachea and the tracheal tube was passed over the fibrescope 
into the trachea. If it was difficult to insert the tracheal tube 
into the trachea, rotation of the tube (clockwise, possibly 
followed by anticlockwise rotation) and alteration of the 
position of the patient’s head and neck were allowed. Only 
one attempt with the maximum duration of 120 s was 
allowed for tracheal intubation. 


Statistics 

Fisher’s exact test was used to compare the success rate of 
tracheal intubation between groups. A value of P<0.05 was 
considered significant. The 95% confidence intervals (CI) 
for difference in the success rate of tracheal intubation 
between groups were also calculated. 

Time for insertion of the fibrescope into the trachea and 
time for tracheal intubation over the fibrescope were 
measured in patients in whom tracheal insertion of the 
fibrescope or tracheal intubation succeeded. The normal 
plots (plots of normal scores) and Shapiro—Francia W’ test 
(which analyses if the data are normally distributed)*! 
showed that the time for insertion of the fibrescope or 
tracheal intubation was generally not normally distributed. 
The Mann—Whitney U-test was therefore used to compare 
the time for insertion of the fibrescope and time for tracheal 
intubation between groups. The 95% CI for each time and 
CI for time difference between groups were also calculated. 

In our previous studies, when cricoid pressure was 
applied, the success rate of tracheal intubation through the 
laryngeal mask was 90-95%.°™ Our hypothesis was that 
cricoid pressure applied after insertion of the mask would 
not alter the success rate of tracheal intubation through the 
mask, with a difference in the success rate of up to 20%. 
Sixty to seventy patients would be required to assess this 
hypothesis, with a power of 90% and a one-sided 95% 
confidence interval, using an equivalence test.” 


Results 


In 72 of the patients recruited, adequate ventilation through 
the laryngeal mask was obtained at the first attempt; 
however, in two patients the epiglottis was pressed down- 
ward by the mask and these patients were excluded from the 
study. The remaining 70 patients were studied. The height, 
weight, sex ratio and age of patients were similar in the two 
groups (Table 1). 
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Table 1 Patients’ characteristics (mean (SD); age (range)) and the proportion 
of the view of the larynx through the laryngeal mask before application of 
the test pressure A =the glottis, but not the np of the epiglotus, seen; 
Ba = the glotus and tip of the epiglottis seen’ 








Sham Cricotd 
pressure pressure 
n 35 35 
Age (yr) 50 (20-76) 54 (23-80) 
Sex (M:F) 21:14 23.12 
Weight (kg) 61 (11) 61 (11) 
Height (cm) 162 (7) 162 (9) 
View of the glotus (A Ba) 33:2 32:3 


After application of the test pressure, the view of the 
glottis was not altered in any patient in group S, whereas it 
deteriorated in 16 out of 35 patients (46%) in group C (score 
2: five patients; score 3: three patients; and score 4: eight 
patients). The fibrescope was inserted into the trachea in all 
patients in group S, whereas it succeeded in 25 patients in 
group C (Fig. 1). Tracheal intubation succeeded in 31 
patients (89%) in group S and in 21 patients (60%) in group 
C; there was a significant difference in its success rate 
between groups (P<<0.001; 95% CI for difference: 9-48%, 
Fig. 1). 

In patients in whom insertion of the fibrescope into the 
trachea succeeded, the time for insertion of the fibrescope in 
group S (median (95% CI): 12 (11-12) s) was significantly 
faster than in group C (16 (14~17) s, P<<0.001; 95% CI for 
difference: 3-6 s). Similarly, in patients in whom tracheal 
intubation succeeded, the time for tracheal intubation in 
group S (16 (15-18) s) was significantly faster than in group 
C (22 (19-24) s, P<0.0005; 95% CI for difference: 3—7 s). 


Discussion 

Contrary to our hypothesis, cricoid pressure applied after 
insertion of the laryngeal mask significantly decreased the 
success rate and the ease of tracheal intubation through the 
laryngeal mask. 

When cricoid pressure is applied without an undue force 
(~30 N) in the absence of the laryngeal mask, the pressure 
usually does not worsen and may improve the view of the 
glottis at laryngoscopy.” In contrast; in our study in the 
presence of the laryngeal mask, cricoid pressure applied at 
30 N frequently narrowed the glottis and made tracheal 
intubation through the mask more difficult (Fig. 2). This 
difference is likely to be produced by the laryngeal mask. 

The distal part of the laryngeal mask occupies the 
hypopharynx (laryngeal part of the pharynx) and the tip of 
the mask reaches the caudal border of the cricoid cartilage. 
Inflation of the cuff shifts the larynx anteriorly.” When 
cricoid pressure is applied in the presence of the laryngeal 
mask, the caudal part of the larynx (or the cricoid cartilage) 
is shifted back against the posterior pharyngeal wall while 
theoretically the cranial part of the larynx (or more 
specifically, the arytenoid cartilage) is being shifted 


No. of patients 
nN 
Oo 





Sham pressure Cricoid pressure 


Fig 1 Success rate of insertion of tracheal intubation through the 
laryngeal mask using a fibre optic bronchoscope with and without cricoid 
pressure applied after msertion of the mask. Tracheal intubation through 
the laryngeal mask succeeded (filled box), tracheal imsertion of a 
fibrescope succeeded, but tracheal intubation failed (hatched box) and 
tracheal insertion of a fibrescope failed (clear box). 


anteriorly by the mask, tilting the larynx anteriorly and 
closing the glottis (Fig. 2). In contrast, when the laryngeal 
mask is not inserted, because there is little space between 
the larynx and pharyngeal wall, there would only be a slight 
displacement of the larynx with cricoid pressure (Fig. 3). 
In one report, a tilted larynx with a closed glottis was 
observed in one out of 85 patients in whom cricoid pressure 
was applied before insertion of the laryngeal mask.” It 
seems likely that the mask wedged behind the cricoid 
cartilage despite application of cricoid pressure and the 
mask caused the obstruction. In our study, where cricoid 
pressure was applied after insertion of the laryngeal mask, 
the glottis was narrowed more frequently, supporting this 
theory. This narrowing of the glottis is also consistent with a 
previous report that cricoid pressure applied after insertion 
of the laryngeal mask inhibited ventilation via the mask.” 
Fibrescope-aided tracheal intubation through the laryn- 
geal mask is significantly easier and faster than conventional 
fibreoptic intubation (without the aid of the laryngeal mask). 
With conventional fibreoptic tracheal intubation, advance of 
the tracheal tube over the fibrescope into the trachea is 
difficult in 50-90% of patients even if the patients do not 
have difficult airways.7**°*° In contrast, insertion of the 
fibrescope through the laryngeal mask into the trachea and 
advance of the tracheal tube over the fibrescope are usually 
easy. 20 Tn our current study, the success rate of fibreoptic 
intubation through the laryngeal mask (without application 
of cricoid pressure) was 89%, consistent with previous 
reports (success rates 90 or 95%).°** There have also been 
case reports of successful and smooth fibreoptic intubation 
through the laryngeal mask in patients in whom conven- 
tional fibreoptic intubation had failed or was extremely 
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Fig 2 A typical view of the glottis through the laryngeal mask, before Fig 3 A typical view of the glottis, betor 
(upper figure) and after (lower figure) application of cricoid pressure figure) application of cricoid pr 
The presence of the laryngeal mask shifts the entire part of the larynx laryngeal mask). There is little diff 


anteriorly. Cricoid pressure shifts the lower part of the larynx back 





towards the posterior pharyng wall, while the upper part remained 
shifted anteriorly, causing the anterior tilting of the larynx. A = tissue 


covering the arytenoid cartilages 
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difficult.” ** Therefore, the laryngeal mask is a useful aid to 
fibrescope-aided tracheal intubation. 

In our previous report in which cricoid pressure was 
applied before insertion of the laryngeal mask, the success 
rate of fibreoptic tracheal intubation through the laryngeal 
mask was 15% (three out of 20 patients) and release of the 
pressure (after insertion of the mask) only allowed tracheal 
intubation in another four patients (20%).® In our current 
study, in which cricoid pressure was applied after insertion 
of the laryngeal mask, the success rate of tracheal intubation 
was 60% (21 out of 35 patients). Therefore, cricoid pressure, 
regardless of the timing of application, impedes tracheal 
intubation through the laryngeal mask, and it can be 
concluded that the usefulness of the laryngeal mask as the 
aid to tracheal intubation is markedly reduced in patients at 
increased risk of pulmonary aspiration. 

The role of the laryngeal mask has been established in 
patients with difficult airways, but there has been uncer- 
tainty about its role when patients are also at increased risk 
of pulmonary aspiration. We propose its use in such patients 
in the following three situations. The first situation is when 
tracheal intubation has failed but ventilation via a facemask 
is possible after induction of anaesthesia. Although there is 
generally no need to insert the laryngeal mask in this 
situation, the laryngeal mask might be usefully inserted 
prior to intubation through it.'? However, in patients at 
increased risk of pulmonary aspiration, attempt should not 
be made to insert the laryngeal mask, because cricoid 
pressure often impedes its correct insertion, and because 
even if the laryngeal mask has been successfully inserted, 
cricoid pressure often prevents tracheal intubation through 
the mask. 

The second situation is when tracheal intubation using a 
laryngoscope has failed and adequate ventilation through a 
facemask is impossible after induction of anaesthesia. In 
this situation, insertion of the laryngeal mask may be 
attempted while equipment for transtracheal ventilation is 
being prepared. Cricoid pressure should be temporarily 
loosened during insertion of the laryngeal mask to increase 
the success rate of insertion, although this temporary release 
may allow regurgitation and pulmonary aspiration.°’? 
Cricoid pressure should be reapplied after insertion of the 
mask, as it effectively prevents regurgitation of gastric 
contents.'° If tracheal intubation is required, it may be 
attempted through the laryngeal mask while cricoid pressure 
is kept applied, and if there is difficulty in advancing the 
tracheal tube over the fibrescope, cricoid pressure might be 
temporarily loosened and tracheal intubation over the 
fibrescope reattempted. 

The third situation is when a difficult tracheal intubation 
is predicted. One of the authors reported previously the 
method of awake insertion of the laryngeal mask, and 
subsequent tracheal intubation through the mask before or 
after induction of anaesthesia, in patients with full stom- 
achs.*” However, we no longer recommend the latter 
method, as our current study has shown that tracheal 


intubation through the laryngeal mask becomes more 
difficult when cricoid pressure is applied. Therefore, it is 
safer to intubate the trachea before induction of anaesthesia. 
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The ProSeal laryngeal mask airway (PLMA) is a new laryngeal mask device with a larger, wedge- 
shaped cuff and a drainage tube. We tested the hypothesis that directly measured mucosal 
pressure and oropharyngeal leak pressure (OLP) are higher for the PLMA compared with the 
laryngeal mask airway (LMA}). We also assess the mechanism of seal, and the reliability of cuff 
volume, in vivo intracuff pressure and calculated mucosal pressure (in vivo minus in vitro intracuff 
pressure) to predict directly measured mucosal pressure. Thirty-two anaesthetized, paralysed 
adult patients were randomly allocated to receive either a size 4 LMA or PLMA. Microchip 
sensors were attached at locations corresponding to: (a) base of tongue; (b) distal oropharynx; 
(c) hypopharynx; (d) lateral pharynx; (e) posterior pharynx; and (f pyriform fossa. In vitro and 
in vivo intracuff pressures, OLP and directly measured mucosal pressure were documented at 
zero volume and after each 10 ml up to 40 mi. Directly measured mucosal pressure was similar 
between devices for a given cuff volume, but was lower for the PLMA for a given OLP. Directly 
measured mucosal pressure was highest in the distal oropharynx for both devices, but rarely 
(<5%) exceeded 35 cm H20. OLP was higher for the PLMA at all cuff volumes. Directly 
measured mucosal pressure was usually lower than OLP for both devices, and there was a 
positive correlation between directly measured mucosal pressure and OLP. Cuff volume, in vivo 
intracuff pressure and calculated mucosal pressure were poor to moderate predictors of dir- 
ectly measured mucosal pressure for the LMA and PLMA. We conclude that the PLMA forms a 


better seal than the LMA without an increase in directly measured mucosal pressure. 


Br J Anaesth 2000; 85: 262-6 


Keywords: equipment; mask anaesthetic; airway; complications 


Accepted for publication: March 1, 2000 


The ProSeal laryngeal mask airway (PLMA) is a new 
laryngeal mask device with a larger cuff and a drainage tube. 
The cuff has a flat dorsal component designed to press the 
ventral elliptical cuff more firmly into the periglottic tissues 
and a wedge-shaped proximal component designed to plug 
gaps in the proximal pharynx (Fig. 1). We considered that 
these structural differences would influence the way the cuff 
interacted with the pharyngeal tissues. In this study, we test 
the hypothesis that directly measured mucosal pressure and 
oropharyngeal leak pressure (OLP) are higher for the PLMA 
compared with the classic laryngeal mask airway (LMA?) in 
anaesthetized, paralysed patients. We also assess the 
mechanism of seal, and the reliability of cuff volume, 
in vivo intracuff pressure and calculated mucosal pressure to 
predict directly measured mucosal pressure. 


Methods 


Thirty-two ASA 1-2 adult patients were randomly allocated 
by opening a sealed envelope to receive either the LMA 
(eight male; eight female) or PLMA (eight male; eight 
female) for airway management. Ethical committee 
approval and informed consent were obtained. Patients 
were excluded if they were at risk of aspiration. Directly 
measured mucosal pressure was measured using six 1.2- 
mm-diameter strain gauge silicone microchip sensors 
(Codman® MicroSensor™, Johnson and Johnson Medical, 
Bracknell, UK) attached to the external surface of the 





+LMA® is the property of Intavent Limited. 
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ProSeal laryngeal mask 





Fig 1 The PMA with the cuff inflated and deflated. 


LMA/PLMA with clear adhesive dressing 0.45 mm 
thick (Tegaderm™, 3M, Ontario, Canada), as previously 
described.'* The sensors were attached to the following 
locations (corresponding mucosal areas): (a) anterior base 
of cuff (base of tongue); (b) posterior tube (distal 
oropharynx); (c) posterior tip of cuff (hypopharynx); 
(d) posterior middle part of the cuff side (lateral pharynx); 
(e) middle of the backplate or dorsal cuff (posterior 
pharynx); and (f) anterior middle part of the cuff side 
(pyriform fossa) (Fig. 2A.B). The sensing element of the 
sensor was orientated towards the mucosal surface and was 
accurate to +2%. The position/orientation/accuracy of all 
the sensors were checked over the entire inflation range 
in vitro before and after use in each patient.'? Four LMAs 
and four PLMAs were used during the study. All LMA 
devices had passed the pre-use check tests.* 

Anaesthesia was induced with propofol 2.5 mg kg”! and 
maintained with 100% oxygen and 1-2% sevoflurane. 
Muscle relaxation was achieved with atracurium 
0.5 mg kg™'. An experienced LMA user inserted/fixed the 
LMA/PLMA using the technique recommended for the 
LMA. Both devices were fixed by taping the tube over the 
chin. The numbers of attempts taken to place the device 
were recorded. A failed attempt was defined as removal of 
the device from the mouth. A size #4 LMA/PLMA was used 
for all patients. The pilot balloon was attached via a three- 
way tap to a 10-ml syringe and a calibrated pressure 
transducer accurate to +5%. The intracuff pressure was 
reduced to 40 cm H30 in vitro. In vitro and in vivo intracuff 
pressures, OLP and directly measured mucosal pressure 
were documented at zero volume and after each additional 
10 ml up to 40 ml. 


When measurements were complete, fibreoptic position 
was determined at 20 ml cuff volume to provide general 
information about anatomical position. OLP was measured 
by closing the expiratory valve of the circle system at a fixed 
gas flow of 3 litre min™', and noting the airway pressure 
at which the dial on the anaeroid manometer reached 
equilibrium.” Fibreoptic position was determined using an 
established scoring system (4 = only vocal cords visible: 
3 = vocal cords plus posterior epiglottis; 2 = vocal cords plus 
anterior epiglottis; 1 = vocal cords not seen. °° The position 
of the anterior tip sensor was verified at the end of the 
procedure by observation of a pressure spike during the 
application of cricoid pressure. An unblinded observer made 
measurements with the head—neck in the neutral position 
with the occiput resting on a firm pillow 7 cm in height 

Calculated mucosal pressure was determined by sub- 
tracting the in vivo intracuff pressure measurements from 
the in vitro intracuff pressure measurements, as previously 
described.’ The mechanism of seal was determined by 
analysing the relationship between cuff volume, OLP and 
directly measured mucosal pressure. It was assumed that if 
OLP was greater than directly measured mucosal pressure, 
the mechanism of seal was related to the matching shape of 
the cuff and pharynx; and if there was a positive correlation 
between OLP and directly measured mucosal pressure, the 
mechanism of seal was related to the pressure exerted by the 
cuff against the pharyngeal mucosa. 


Statistics 


Sample size was selected to detect a projected difference of 
25% between the groups with respect to directly measured 
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mucosal pressure for a type I error of 0.05 and a power of 
0.9. The power analysis was based on data from a pilot study 
of 10 patients in which directly measured mucosal pressure 
was measured with the PLMA and a previous study of 
directly measured mucosal pressure with the LMA.! The 
distribution of data was determined using Kolmogorov— 
Smirnov analysis." Statistical analysis was with paired f-test 
(normally distributed data), chi-squared test (non- 
parametric data), Friedman's two-way analysis of variance 
(non-normally distributed data) and regression analysis. The 
relationship between directly measured mucosal pressure 
and other variables was determined using Pearson product- 
moment correlation coefficient. The reliability of in vivo 
intracuff and calculated mucosal pressure to predict directly 
measured mucosal pressure was analysed using the 
intraclass correlation coefficient (icc).? 19 Significance 
was taken as P<0.05. Statistical analysis was performed 
on an IBM computer using SYSTAT version 7.0. 


Results 


The mean (range) for age, height and weight was 35 (19- 
65) yr, 169 (150-192) cm and 67 (40-95) kg, respectively. 
The physical characteristics of the patients in the two groups 
were similar. The first time success rate for the LMA and 
PLMA was 16/16 and 14/16. One patient with the PLMA 
required two attempts due to malposition (tip in the glottic 
inlet), and one patient required two attempts due to 
resistance when manoeuvring the cuff from the mouth to 
the pharynx. The pressure from the anterior tip probe 
increased to >100 cm HO when cricoid pressure was 
applied in all patients. The position/orientation/accuracy of 
the sensors were identical before and after usage. Directly 
measured mucosal pressure at specific locations was 
generally similar for the LMA and PLMA (Table 1). The 
lowest directly measured mucosal pressure for both devices 
was in the lateral pharynx, and the highest in the posterior 
pharynx and distal oropharynx. OLP was higher for the 
PLMA compared with the LMA at all cuff volumes (Table 
1). OLP for both devices increased with increasing intracuff 
volume from 0 to 10 ml, but did not change from 10 to 20 ml, 
20 to 30 mi or 30 to 40 ml. When comparing directly 
measured mucosal pressure with OLP at all cuff volumes 
and locations, directly measured mucosal pressure was 
significantly lower than OLP on 19/30 occasions for the 
LMA and 25/30 occasions for the PLMA, and directly 
measured mucosal pressure was never significantly higher 
than OLP for either device. There was a positive correlation 
between directly measured mucosal pressure and OLP at 3/6 
locations with the LMA, at 4/6 locations with the PLMA, 
and a negative correlation at 1/6 locations with the PLMA 
(Table 2). There was a positive correlation between directly 
measured mucosal pressure and OLP at all cuff volumes for 
both the LMA and PLMA (all P<0.001, Table 2). Fibreoptic 
position (7: 4/3/2/1) for the LMA was 11/2/2/1 and for the 
PLMA was 5/7/3/2. There was a significant increase in 
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Fig 2 Schematic diagram showing the location of sensors (corresponding 
mucosal area) on the PMA (A) and Classic (B) LMA. (a) Anterior base of 
cuff (base of tongue); (b) posterior tube (distal oropharynx); (c) the 
posterior tip of cuff (hypopharynx), (d) posterior middle part of the cuff 
side (lateral pharynx); (e) the middle of the backplate or dorsal cuff 
(posterior pharynx}; and (f) anterior middle part of the cuff side 
(pyriform fossa). 


directly measured mucosal pressure with increasing cuff 
volume, in vivo intracuff pressure and calculated mucosal 
pressure at all locations for both devices; apart from the 
PLMA in the distal oropharynx which had a significant 
decrease (Table 3). 


Discussion 


Directly measured mucosal pressure was similar for both 
devices (Table 1) and lower than the upper limit considered 
safe for the tracheal mucosa during prolonged intubation 
(41 cm H,0).'' We recently showed that pharyngeal 
mucosal perfusion is progressively reduced when directly 
measured mucosal pressure is increased from 34 to 80 cm 
H,0.'? Directly measured mucosal pressure in the current 
study rarely exceeded 34 cm H,O, suggesting that mucosal 
ischaemic injury will be uncommon with either device. 
However, the manufacturer recommends that LMA cuff 
volume is reduced to the minimal required to form an 
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Table 2 PPCC and ICC for directly measured mucosal pressures with 
oropharyngeal leak pressure for the LMA and PLMA by location and 
volume. PPCC. +1 = perfect positive correlation; 0 = no correlation, 
—1 = perfect negative correlation ICC 0.75 = excellent reliability; 0.41— 
0.74 = moderate reliability; <0.40 = poor.!° NS, not significant 


LMA PLMA 


PPCC P ICC PPCC P ICC 


(a) Base of tongue 0210 NS 0.33 0.415 001 038 
(b) Distal oropharynx 0.302 NS 039 -0519 0001 054 
(c) Hypopharynx 0.450 0.01 046 0221 NS 0.33 
(d) Lateral pharynx 0.301 NS 040 0290 NS 0.35 
(e) Postenor pharynx 0402 O01 044 0410 0.01 049 


(f) Pyriform fossa 0,402 001 045 0383 0.04 0.45 
Cuff volume 
0 ml 0 586 0.001 0.52 0410 0.001 049 
10 mi 0.600 0001 054 0421 0001 0.48 
20 ml 0 602 0001 0.55 0.424 0001 047 
30 ml 0599 0001 052 0410 0.001 047 


40 mi 0 596 0001 0.51 0.402 0.001 045 


effective seal.” Because the PLMA forms a more effective 
seal than the LMA at all cuff volumes, directly measured 
mucosal pressure would be lower for the PLMA if this 
recommendation was applied. This may have implications 
for the incidence of pharynolaryngeal morbidity between 
devices. 

The PLMA forms a more effective seal with the upper 
airway than the LMA. The PLMA was designed so that the 
larger, wedge-shaped cuff would plug gaps in the proximal 
pharynx and the flat dorsal cuff would push the ventral cuff 
more firmly into the periglottic tissues. We found no 
evidence (in terms of directly measured mucosal pressure 
change) that the ventral cuff was being pushed more firmly 
into the periglottic tissues, and we consider that the wedge- 
shaped proximal cuff is the more important new design 
feature with respect to improved seal. This latter concept is 
supported by the fact that OLP was higher at zero cuff 
volume when the dorsal cuff is deflated. Directly measured 
mucosal pressure increased with cuff volume at all locations 
except in the distal oropharynx with the PLMA where it 
decreased (Table 1). A possible explanation is that the distal 
posterior tube of the PLMA moves proximally during cuff 
inflation from the relatively narrow proximal laryngo- 
pharynx to the broader oropharynx. 

The pattern of change of OLP with increasing cuff 
volume was similar for both devices suggesting that the 
mechanism of seal is similar. Directly measured mucosal 
pressure was generally lower than OLP, and there was a 
positive correlation between directly measured mucosal 
pressure and OLP. This suggests that the mechanism of seal 
is not only related to the matching shape of the cuff and 
pharynx, but also to the pressure exerted by the cuff against 
the mucosa. In a previous study,’? we suggested that the 
mechanism of seal was related to the matching shape of the 
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Table 3 PPCC and ICC for directly measured mucosal pressures with cuff volume, ın vive intracuff pressure and calculated mucosal pressure for the LMA 
and PLMA PPCC: +1 = perfect positive correlation, 0 = no correlation; -l = perfect negative correlation ICC 0.75 = excellent reliability, 0.41-0 74 
0 


moderate reliability; <0.40 = poor ~ NS, not significant 





Cuff volume 

Device Location PPCC P-value Icc 

LMA (a) Base of tongue 0627 <0.001 0.49 0 650 
(b) Distal oropharynx 0539 <0.001 048 0573 
(c) Hypopharynx 0.566 <0.001 039 0.597 
(d) Lateral pharynx 0510 <0 001 037 0.559 
(e) Posterior pharynx 0.548 <0 001 0.43 0.553 
(f) Pynform fossa 0.639 <0 001 0.42 0.628 

PLMA (a) Base of tongue 0.469 <0 001 045 0.488 
(b) Distal oropharynx —0 459 <0.001 0.43 
(c) Hypopharynx 0540 <0.001 038 0 556 
(d) Lateral pharynx 0.468 <0.001 039 0 488 
(e) Posterior pharynx 0413 <0.001 0.36 0353 
(f) Pyriform fossa 0.327 0.003 0.50 0.349 


cuff, but found no relationship between directly measured 
mucosal pressure and OLP. In the earlier study we did not 
analyse the relationship between directly measured mucosal 
pressure and OLP by cuff volume, but only by mucosal 
location and we used a size 5 LMA. We speculate that the 
relative contribution of the two sealing mechanisms may 
vary between patients and mask sizes. 

Cuff volume, in vivo intracuff pressure and calculated 
mucosal pressure are poor to moderate predictors of directly 
measured mucosal pressure for both devices. This suggests 
that these measurements are not useful in determining 
absolute values for directly measured mucosal pressure 
even though there is a significant correlation. Our data 
confirm the findings of a previous study'* that calculated 
mucosal pressure is an imprecise method of determining 
localized directly measured mucosal pressure. 

We conclude that the PLMA forms a better seal with the 
pharynx than the LMA in anaesthetized, paralysed patients, 
but without an increase in directly measured mucosal 
pressure. The mechanism of seal for both devices is related 
to cuff conformity with the pharynx and mucosal pressure. 
Cuff volume, in vivo intracuff pressure and calculated 
mucosal pressure are imprecise predictors of directly 
measured mucosal pressure. 
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Korean hand acupressure reduces postoperative vomiting in 
children after strabismus surgery 
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A double-blind, randomized, placebo-controlled study was conducted to Investigate the effect- 
Iveness of Korean hand acupuncture in preventing postoperative vomiting In children scheduled 
for strabismus surgery. In one group, acupressure was performed 30 min before induction of 
anaesthesia by applying an acupressure disc onto the Korean hand acupuncture point K-K9; the 
disc remained in situ for at least 24 h. The second group functioned as placebo group. The 
treatment groups did not differ with regard to patient characteristics, surgical procedure and 
anaesthetic administered. In the acupressure group, the incidence of vomiting was significantly 
lower (20%) than In the placebo group (68%). We conclude that Korean hand acupressure of 
the acupuncture point K-K9 is an effective method for reducing postoperative vomiting in chil- 


dren after strabismus repair. 


Br ] Anaesth 2000; 85: 267-70 


Keywords: anaesthesia, paediatric; acupuncture; vomiting; surgery 


Accepted for publication: January 20, 2000 


Postoperative vomiting (POV) is a common problem in 
anaesthesia.'~> Several pharmacological and non-pharma- 
cological studies have been performed in search of a means 
to prevent POV. Well investigated non-pharmacological 
methods for reducing the incidence of POV are acupuncture 
and acupressure.* Both acupuncture and acupressure of the 
Chinese acupuncture point Pericard 6 (P6) have been 
reported to represent an effective non-pharmacological, 
antiemetic therapy.>? 

In contrast to Chinese acupuncture, Korean hand acu- 
puncture is a new method, first developed and described by 
the Korean physician Dr Yoo.!° While this method is widely 
used ın Korea, Western medicine has hardly taken any 
notice of it and little research is being performed in this field. 

The Korean hand acupuncture point K-K9 corresponds 
but is not identical to the Chinese acupuncture point P6, 
whose antiemetic effect has been ascertained in numerous 
studies. Therefore, we assumed that K-K9 produces a 
similar antiemetic effect as P6. 

In children undergoing strabismus surgery, POV is one of 
the most frequent complications.'! In contrast to pharma- 
cological antiemetic substances, no adverse side effects 
have been reported for acupressure. Therefore, acupressure 
could be a useful method for preventing POV, particularly 
in paediatric patients. However, acupressure of P6 has faled 
to prevent POV in children in the past.!* 


We investigated the antiemetic effect of acupressure 
applied onto the Korean hand acupuncture point K-K9 in 
children undergoing strabismus surgery. This form of 
acupuncture is pamless and thus especially useful in 
awake children. 


Methods 


This study was approved by the Ethics Committee of the 
University of Innsbruck, Austria. Written, informed consent 
was obtained from the parents. The number of patients 
required was determined by power analysis (power 0.9). We 
assumed the incidence of vomiting to be 65% in the control 
group and 25% in the acupuncture group. 

We studied 50 children aged 3-12 yr, ASA physical 
status I and I, scheduled for strabismus surgery. Children 
with gastric or intestinal diseases, emesis and vomiting in 
the week before surgery as well as patients receiving any 
medical treatment immediately prior to surgery were 
excluded. 

In this double-blind, prospective study each child was 
allocated randomly to one of the two study groups. 


Acupressure was performed on the Korean hand acupync~ — . 


ture point K-K9, located on both hands on the middle 
phalanx of the fourth finger (Fig. 1a). f ‘ 
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Patients in group A underwent acupressure on K-K9. We 
used a special Korean acupressure disc called ‘AB-Bong’ 
(Fig. 1B), which was fixed onto K-K9 using an adhesive 
tape. Acupressure was performed on K-K9 on both hands 
for a period of 30 min before induction of anaesthesia and 
was maintained for at least 24 h. 

In group B a tape but no acupressure disc was fixed on 
both fourth fingers. The children and their parents as well as 
the anaesthetist and the nursing staff were unaware of the 
group the children were allocated to. Both acupressure and 
placebo treatment were performed by the same investigator. 

All patients were allowed solid food or clear fluids up to 
6 h before anaesthesia. Oral premedication with midazolam 
0.4 mg kg” and atropine 0.02 mg kg™ was administered 1 h 
before the expected start of anaesthesia. To facilitate a 
painless placement of an i.v. cannula, ELMA®-5%-Cream 
(Astra, Austria) was applied to a vein in the left cubita or to 
the back of the left hand of each child. 

Strabismus repair was performed under general anaes- 
thesia. Anaesthesia was induced with i.v. thiopental 
5 mg kg”, rocuronium bromide 0.6 mg kg™ and fentanyl 
2 ug kg’. After intubation, anaesthesia was maintained 
with 2-3% sevoflurane and nitrous oxide in 33% oxygen 
under controlled ventilation. Fluid deficit was replaced i.v. 


K-K9 
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Fig 1 (A) Location of the Korean acupuncture point K-K9. (B) Korean 
acupressure disc ‘AB-Bong’ with a central dot (1 mm high and 1 mm in 
diameter). 


by a mixture of three parts of Ringer’s lactate solution and 
two parts 5% dextrose. 

At the end of anaesthesia, once the children were fully 
awake with stable postoperative observations, they were 
transferred to the ward. Paracetamol suppositories were 
given for postoperative analgesia and 50 mg dimenhydri- 
nate suppositories for antiemetic rescue therapy. 

The incidence of vomiting was recorded by the nursing 
staff in the recovery room and on the ward. Documentation 
covered a period of 24 h after starting anaesthesia. All 
patients remained in the clinic for at least 24 h following 


surgery. 


Statistical analysis 

Statistical analysis was performed with SPSS 8.0 (SPSS 
Inc.®), Fisher’s exact test was used to determine the 
incidence of vomiting, and the unpaired Student’s t-test to 
analyse patient characteristics. A P-value of less than 0.05 
was regarded as statistically significant. 


Results 


There were no statistical differences between the groups 
with respect to age, gender, ASA physical status, weight, 
duration of anaesthesia, and duration or extent of surgery 
(Table 1). 

Compared. with the placebo group, the incidence of 
vomiting in the acupressure group was significantly lower 
(P=0.001). During the first 24 h after surgery, vomiting 
occurred ın five patients (20%; 95% CI: 0.03-0.36) in the 
acupressure group and 17 patients (68%; 95% CI: 0.48- 
0.87) in the placebo group. Data on first incidences of 
vomiting after surgery are shown in Table 2. 

Two children receiving acupressure and 10 children in the 
placebo group required antiemetic rescue therapy. 


Table 1 Patient characteristics expressed as numbers or means (SD) 





Acupressure (#=25) Placebo (#=25) 
Age (yr) 65 (20) 61 (1.9) 
Sex (M/F) 12/13 12/13 
Weight (kg) 22.8 (5 5) 22.9 (8.4) 
Anaesthesia duration (min) 69.6 (15 4) 72.2 (17 3) 
Surgery duration (min) 47 1 (13.5) 51.1 6.7) 
No. of muscles repaired 2 22 (0.9) 2.52 (0.8) 


Table 2 Time of first vomit after surgery. Results expressed in numbers (%) 
of patients 


03h 0-6 h 0-12 h 0-24 h 
Acupressure (r=25) 3 (12%) 5 (20%) 5 (20%) 5 (20%) 
Placebo (n=25) 10 (40%) 14 (56%) 17 (68%) 17 (68%) 
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Discussion 

Korean hand acupuncture is rarely applied in Western 
medicine. Only a very limited number of studies on the 
efficiency of Korean hand acupuncture are currently avail- 
able and no data concerning its antiemetic effect have been 
published. 

The Korean acupuncture point K-K9 is comparable to the 
well-investigated Chinese acupuncture point P6. Whereas 
K-K6 is located on the fourth finger, the point P6 is located 
at the wrist between the tendons of palmaris longus and 
flexor carpi radialis, 2 Cun proximal from the distal palmar 
crease. One Cun is equivalent to the width of the patient’s 
thumb across the interphalangeal joint. 

Needle acupuncture of P6 effectively reduces post- 
operative nausea and vomiting.*’? However, needle acu- 
puncture of P6 is unpleasant and therefore not useful in 
routine clinical practice in awake children. The correct 
timing of acupuncture and acupressure is of great import- 
ance. It has been shown that the correct timing of 
acupuncture further improves the effectiveness of P6 and 
reduces postoperative vomiting." !5 Stimulation of P6 
performed before the induction of anaesthesia produced 
antiemetic effects. Dundee and colleagues'* found that P6 
had no antiemetic effect when opioids had been adminis- 
tered previously. Several investigators were unable to 
demonstrate an antiemetic effect in paediatric patients 
when performing acupuncture during general anaesthe- 
sia.* 1618 We found that, in order to achieve a satisfactory 
antiemetic effect, stimulation of acupuncture points must be 
performed before the induction of anaesthesia.’ '* 

In contrast to acupuncture, acupressure is painless, easy 
to perform and well tolerated by children, as observed in our 
study. Hence, it seems to be a useful method for preventing 
POV in paediatric patients. 

Nevertheless, the use of acupressure of P6 to prevent 
postoperative nausea and vomiting has produced inconsist- 
ent results. Most investigations in adult patients have 
reported an effective reduction of POV.57 1920 However, 
the method failed in paediatric patients undergoing 
strabismus surgery.'* Lewis and colleagues’? used elastic 
wrist bands with a plastic stud on the inner aspect of the 
bands (‘sea-bands’) for continuous acupressure of P6 and 
found no difference in the incidence of POV after 
strabismus surgery compared with a placebo group. In 
contrast, we found that following acupressure of K-K9, 
POV in children undergoing strabismus surgery was 
significantly reduced. An incidence of 72% of POV in 
children after strabismus surgery without antiemetic ther- 
apy, as seen in our study, is consistent with the findings of 
previous studies.2’-*> Acupressure of K-K9 reduced the 
incidence of POV to 20%. Because the evaluation of nausea 
is very difficult in younger children, we did not examine 
nausea in this study. 

The antiemetic effect of K-K9 stimulation by acupressure 
correlates with that of pharmacological antiemetics admin- 


istered in various studies to reduce POV in children 
undergoing strabismus surgery.” 777 Pharmacological 
therapy with drugs such as ondansetron, droperidol and 
metoclopramide is often associated with side effects such as 
drowsiness, extrapyramidal symptoms and headache.”*® 
Unlike these pharmacological antiemetics, acupressure of 
K-K9 has been found to have no side effects to date. 

In conclusion, acupressure of the Korean hand acupunc- 
ture point K-K9 is a cheap and effective method for 
reducing the incidence of POV in children undergoing 
strabismus surgery. Korean hand acupuncture has been 
scarcely investigated so far, but its effectiveness has been 
clearly demonstrated in this study. 
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The value of performance information and the need for 
quality assessment in hospital care are generally appreci- 
ated.' Specifically for the specialty of anaesthesia, there is 
increasing interest by providers, purchasers, politicians and 
patients in outcome analysis. 

The German Society of Anaesthesiology and Intensive 
Care Medicine (Deutsche Gesellschaft fiir Anästhesiologie 
und Intensivmedizin (DGAI)) launched a study? following 
the introduction of quality assurance and cost-containment 
regulations imposed by German health-care law. The aim of 
the project was to implement and evaluate a methodology 
for the standardized, long-term reporting of everyday 
anaesthesia outcome measures. Routine assessment of 
anaesthesia-related incidents, events and complications 
(EC) was recommended for each patient and every 
anaesthetic procedure performed. A standard minimal data 
set is collected for national benchmark comparisons.* Our 
department has been one of the pilot centres in this 
nationwide project. 

This article attempts to (i) describe the methodology of 
the project concerning the immediate perioperative time- 
frame of anaesthesia care, and (1i) review the implementa- 
tion and results of a routine data acquisition system that 


includes data collection, validation and staff education in 
one academic anaesthesia provider institution. 


Methods 


Presumptions 


According to the German health-care reform law, in effect 
since 1989, clinical institutions have to measure quality in 
such a way that comparisons with other hospitals are 
possible. As an immediate response, the DGAI developed a 
project outline. Definitions were set by the use of an expert 
consensus approach. Cooper’s concept of ‘anaesthetic 
mishaps’ and ‘near-miss mcidents’> served as a starting 
model. A prototype of the assessment methodology was 
tested over a 6-month period in nine clinics representing 
different structure levels of anaesthesiology care.® It was 
assumed that the quality of anaesthesia is never measurable 
in an absolute manner, and that inclusion of all anaesthetic 
department activity would not be economically viable. 
Rather, a three-step process was proposed: (i) intra-institu- 
tional quality tracking with online or periodic retrospective 
comparisons; (ii) voluntary inter-institutional comparisons 
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between anaesthesia providers with equivalent sizes and 
levels of care; and (iii) periodic retrospective multicentre 
comparisons between representative anaesthesia providers 
from a national database through proposed benchmark 
standards. Failure to meet benchmarks was intended to 
trigger further quality improvement investigations in the 
particular institution.’ After testing of the prototype until 
1992, the project has been open to all German clinical 
anaesthesia providers on a voluntary basis during a field 
evaluation phase. Participation in the project implied 
several requirements: the provider employs (1) one uniform 
routine documentation tool for all patients and all 
anaesthetists throughout the institution, (ii) one integrated 
record set for individual patient care documentation, 
archiving and quality assessment purposes, to avoid 
inconsistencies and minimize documentation workload, 
and (iii) a standard data set from each procedure that can 
be submitted to a national database. Outcome information 
was to be handled confidentially and anonymously, to be 
detachable from the record set by the end of the 
perioperative period, and not to be part of the definite 
archived patient record. 


Quality measurement dimensions 


The recommended outcome measurements of the whole 
project have three dimensions: 
(i) perioperative reporting on JEC occurring during 
anaesthesia; 
Gi) postoperative reporting on IEC occurring after anaes- 
thesia; 
(iti) postoperative patient satisfaction inquiry. 
Perioperative IEC, according to Donabedian’s triad,’ 
represent quality-of-process measures of the immediate 
anaesthesia care process. Postoperative variables represent 
the quality of outcome. Methodology and results for quality 
of outcome have been described in detail elsewhere for a 
specific study period at our hospital’ and are beyond the 
scope of this article. 


Standard data set 


The standard data set was designed to reflect several key 
issues as to which patient (e.g. demographic and adminis- 
trative data, risk factors, pre-existing disease, admitting 
surgical department) experiences which problems during 
what procedure (e.g. the kind and duration of anaesthesia 
and operation). The DGAI recommended the following 
definition of anaesthesia-related IEC:° 
(i) IEC occur during the anaesthetist’s perioperative 
responsibility, i.e. from the induction of anaesthesia 
until discharge of the patient to the ward or intensive 
care unit (ICU), either from the postanaesthesia care 
unit (PACU) or directly from the operating theatre. 
(ii) TEC lead to intervention by the anaesthetist. 


(iii) IEC have or could have caused morbidity or mortality 
if the anaesthetist had not intervened. 

All three conditions have to be fulfilled. By definition, it 
does not matter if the incident occurred by chance, was 
caused by the patient’s preoperative condition, or was a 
consequence of inadequate treatment by the responsible 
physician. Usually, physicians are able to assess IEC with 
standard clinical methods. The DGAI has defined 63 kinds 
of IEC (Table 2) and five ascending grades of severity as 
follows: 

(i) IEC without any impact on postoperative care—no 
additional postoperative care necessary (including near 
incidents). 

Gi) IEC clinically important only for care in the PACU 
no impact on transfer to the ward. 

(iii) IEC clinically relevant for postoperative care-——pro- 
longed stay in the PACU or particular observation on 
the ward is clearly necessary. 

Gv) IEC clinically important for postoperative care— 
problem cannot be solved satisfactorily in the PACU, 
and transfer to intermediate care unit or ICU necessary. 

(v) IEC presumably severe, with permanent damage or 
death. 


Acquisition of data 
With the advent of our participation in the DGAI project in 
1991, we decided to implement a uniform, paper-based, yet 
computer-readable anaesthesia record system for every 
monitored anaesthetic procedure. The system was devel- 
oped according to ergonomic principles® and was available 
at any anaesthetic location throughout the hospital. Each 
record set contained three pages: 

(1) Preoperative evaluation with patient details, medical 
history, laboratory and pathophysiology findings, 
American Society of Anesthesiologists (ASA) classifi- 
cation of physical status, and surgical specialty. 

(2) Intraoperative documentation of anaesthesia care, sur- 
gical procedure, monitoring techniques and notes on 
transfer. 

(3) Postoperative course in the PACU, timing of operation 
and anaesthesia, length of stay in the PACU, type and 
severity of IEC, and the patient’s transfer destination. 

The documented course of vital signs, the type and 
dosage of anaesthetics and the administration of other drugs 
in the operating theatre and PACU were not to be stored in 
the database. Before storing data in the database, every 
record set was validated in four ways and was corrected if 

necessary (Fig. 1). 

(i) The consultant anaesthetist in charge at the point of 
care reviewed each record set for accuracy and 
completeness, usually at the end of the daily operating 
list. 

(ii) Documentation clerks checked each record set for 
technical errors to guarantee proper scanning of the 
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Perioperative anaesthesia outcome database 


Table 1 Patient population’ type of anaesthesia and main surgical procedure (ji) Rules implemented in the database system checked 








n (Total %) 
General anaesthesia 
Endotracheal intubation 64050 (66 6) 
Laryngeal or face mask 8406 (87) 
Regional anaesthesia 
Spinal 6664 (6.9) 
Epidural 4556 (47) 
Mayor nerve block 2372 (25) 
Other anaesthesia care 
Bpidural and general 2959 1) 
anaesthesia (planned) 
Monitored anaesthesia 1845 (1.9) 
care (standby) 
Not otherwise specified 5255 (55) 
(intravenous anaesthesia with spontaneous 
respiration, conscious sedation, etc ) 
Surgery 
Peripkeral 33892 (35,3) 
Genito-urnnary 13214 (13 7) 
Head or neck 22271 (23.2) 
Laparoscopy 10587 (11 0) 
Laparstomy 4555 (4.7) 
Obsteznic 3375 (35) 
Caesarean section 1949 (20) 
Spine 649 (0.7) 
Brain 105 (01) 
Thorazotomy 1693 (1.8) 
Cardiac 3817 (40) 
Totals 96107 
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each record set for completeness, consistency and 
plausibility. 

(iv) If there were any doubts 1n the second or third step of 
the validating system, the anaesthetists in charge of the 
documentation work group (B.S. or U.B.) were asked 
for assistance. If necessary, the anaesthetist who had 
performed the anaesthesia was asked to complete the 
data. 

During a pilot phase from September 1991 to June 1992, 
clinical and documentation staff were trained to use the 
documentation system and to classify IEC. Written guide- 
lines and educational meetings supported the staff education 
efforts. During the pilot phase, we conducted time studies 
and staff surveys. After implementation of the IEC meth- 
odology, our regular documentation activity began in July 
1992. 


Hospital, patient and anaesthesia characteristics 


The data were collected from a tertiary university teaching 
centre completing about 18 000 anaesthetics per year. The 
case mix covered patients from an urban and a rural area, as 
the university surgical clinics function both as city hospitals 
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Fig 1 Workflow scheme of data acquisition, validation, correction, and storage to the database 
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Table 2 Frequency and severity of IEC. Notation of more than one IEC per anaesthesia 1s possible 








TEC severity grade 
I u mw IV v Total n (Total %) 
Airway and respiratory system 
Disconnection 45 3 - - - 48 (0.05) 
Obstructed tube 43 15 5 1 - 64 (01) 
Accidental extubation 42 28 4 - - 74 (0 1) 
Unexpected difficult intubation (more than three 440 230 50 14 - 734 (0 8) 
intubation attempts or intubation by a second physician) 5 
Intubation not possible 14 16 6 2 - 38 (0.04) 
Intubation failure (second intubation attempt) 102 24 5 2 - 133 (01) 
One-sided intabation (repositioning after tube fixation) 85 22 4 - 1 112 (0.1) 
Reimtubation 72 21 25 32 ~- 150 (02) 
Laryngospasm 52 87 39 4 - 173 (0.2) 
Bronchospasm 251 350 123 40 - 769 (0.8) 
Aspiration 5 12 21 28 1 67 (0.1) 
Hypoventilation, hypoxesemia 185 244 233 153 9 824 (09) 
Pulmonary oedema 4 10 17 17 1 49 (0.05) 
Other respiratory problems 245 281 191 107 4 828 (09) 
Cardiovascular circulation 
Hypotension 4011 2129 467 197 20 6824 (71) 
Hypertension 1350 1190 272 19 =- 2831 (29) 
Arrhythmia 856 512 254 99 8 1729 (18) 
Tachycardia 499 481 249 71 4 1310 (14) 
Bradycardia 1522 590 130 32 3 2277 24 
Hypovolaemia 121 271 186 119 20 717 (0.7) 
Heart failure 1 5 23 65 12 106 (1) 
Pulmonary embolism 4 2 2 8 2 18 (0.02) 
Cardiac arrest 10 14 1g 40 48 127 (01) 
Myocardial infarction 2 2 I 6 i 12 (001) 
Other cardiovascular problem 714 84 82 53 13 306 (0 3) 
Systemic reactions 
Nausea or vomiting 1203 982 104 3 - 2292 (24) 
Hypersensitivity, anaphylaxis 89 69 28 15 - 201 (0 2) 
Shivering 842 637 20 = a 1499 (16) 
Hypothermia 2 74 152 38 1 287 (0.3) 
Malignant bypertherma - i 3 - - 4 (0.00) 
Transfusion reachon 1 2 5 1 - 9 (001) 
Oliguria, anuna, acute kidney failure 20 42 18 14 2 96 (6.1) 
Other systemic reaction 169 155 75 22 1 422 (04) 
Laboratory findings 
Anaemia 86 222 132 41 4 485 (0.5) 
Acid—base status disorder 15 79 50 42 2 188 (0 2) 
Electrolyte disorder 118 215 88 18 2 441 (05) 
Hyper-/hypoglycaemia 19 44 52 10 - 125 (0.1) 
Other 7 46 24 23 2 102 (0 1) 
Central nervous system 
Central anticholinergic syndrome 3 8 lH 1 - 23 (0 02) 
Ischaerma m m 4 - 5 (001) 
Seizure 3 3 5 3 - 14 (001) 
Other central neurological problem 29 33 47 10 2 121 (0.1) 
Medical equipment 
Anaesthesta machine, ventilator 317 33 3 - - 353 (0.4) 
ECG monitonng 131 12 3 - - 146 (0.2) 
Automated blood pressure monitoring 190 23 6 - - 219 (02) 
External pacemaker - 1 - - - 1 (0 00) 
Defibrillator 2 1 - - - 3 (0 00) 
Oximetry 119 14 2 1 - 136 (01) 
Intubation equipment 13 1 - - - 14 (0 01) 
Drug application (infusion systems or pumps) 20 5 3 - - 28 (0 03) 
Other equipment problem 220 46 7 1 - 274 (0 3) 
Lesions 
Difficult puncture in regional anaesthesia (more than three 416 145 27 - - 588 (0 6) 
puncture attempts or puncture by a second physician) 
Difficult puncture m vessels (more than three puncture 603 186 31 4 - 824 (0.9) 
attempts or puncture by a second physician) 
Teeth 44 8 10 - - 62 (0.1) 
Vessels 7 1 2 - - 10 (0.01) 
Muscle, smooth tissue 12 10 1 1 1 25 (0 03) 
Skin 14 4 2 - - 20 (0 02) 
Airway 1 ~~ 2 - - 3 (0 00) 
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IEC severity grade 
I H m IV y Total n {Total %) 
Eyes - - 1 - - 1 (0,00) 
Epistax:s 19 8 5 1 - 33 (0.03) 
Pneumo-/haemothorax. ~ ~- 3 2 - 5 (001) 
Nerves 2 1 - ~- - 3 (0.00) 
Other lesion 33 23 18 2 - 16 (01) 
Total n 14824 9757 3341 1372 164 29458 
(Total %) (15.4) (10.2) (3.5) (14) (02) G07) 


and tertiary referral centres. Our department has a strict 
policy for the guideline-driven performance of anaesthesia 
according to our institutional practice recommendation.” 
The current study was approved by the Institutional Review 
Board (Health Sciences) of the University of Utah. 


Results 


The results presented here refer to validated record sets of 
96 107 anaesthetic procedures carried out between July 
1992 and November 1997. Patient sex was evenly distrib- 
uted. ASA physical status score and urgency of the 
procedures are shown in Figure 2. Types of anaesthesia 
and surgical operation are listed in Table 1. All outcomes 
are listed in Table 2 for the complete IEC assessment 
scheme. 

Overall, the proportion of procedures with any IEC was 
22.0%. The proportion of procedures with a maximum IEC 
grade of I was 11.2%; II, 7.4%; W, 2.4%; IV, 0.9%; and V, 
0.1%. Incidences of IEC with respect to risk factors are 
shown in Figures 3-5. 

The workflow studies in the pilot phase of implementa- 
tion revealed that 60-90% of all records needed correction 
(mostly because the marks by the anaesthetist were 
unsuitable for scanning) before being scanned by the optical 
mark reader. Additional validation efforts were necessary 
before the data could be stored in the database (Fig. 1). Time 
studies showed that the documentation personnel spent 2 
min on each record and the clinicians 4 min. A survey of the 
110 anaesthetists in our department determined that there 
should be no duplication of documentation for patient care; 
that for outcome reporting the preanaesthesia assessment 
record should be structured according to organ and func- 
tional systems and reflect increasing severity of risk 
features; and that there should be ample space for 
handwritten remarks on the record. 


Discussion 

This article describes a routine system of measuring, 
collecting, validating and analysing outcome data for 
perioperative anaesthesia. Coding and grading of IEC was 





accomplished with the methodology recommended by the 
DGAI. 


Definitions of anaesthesia outcome 


There has been a consistent lack of agreement on how to 
appraise adverse events, adverse outcomes and quality in 
anaesthesia. Various countries and research groups differ 
widely in their criteria for reporting events: some restrict 
reporting to events with legal or disciplinary conse- 
quences; others report mortality or major morbidity 
only.'! 1? Also, there is an inconsistent definition of the 
perioperative period: some reports cover the time from 
induction of anaesthesia until discharge from the recovery 
unit! and others the time from the beginning of anaesthesia 
until 24 h postoperatively,’! or an even longer period.!? 1415 
Furthermore, the method of data acquisition varies from 
voluntary individual reporting of critical incidents! to 
prospective studies covering all anaesthetics during a 
certain period for one’® or several'* departments. 

Instead of reporting particular findings in particular 
patient groups, the IEC definitions were designed to 
document everyday problems and their clinical impact on 
the entire patient population. Documentation was to 
continue during that precisely specified episode of care 
when the anaesthetist is completely and solely responsible 
for the patient, i.e. the induction and maintenance of 
anaesthesia in the operating theatre and through recovery 
and transfer from the PACU. 

Accurate definitions of criteria for adverse events are 
difficult to set. Many problems cannot be measured by 
technical instrumentation (e.g. intubation problems, difficult 
punctures). Even if threshold values are measurable, rules 
about them may vary substantially in a complex clinical 
context. For example, a decrease in systolic arterial blood 
pressure from 130 to 80 mm Hg may or may not be 
classified as hypotension depending on whether it occurs in 
an old patient with cardiovascular disease or in a young 
healthy woman. For automated incident reporting, the 
defining of criteria may never reach the sophistication of 
the caring clinician.” Therefore, the severity grading of an 
IEC is not defined by numerical values but rather by its 
clinical impact on the immediate and postoperative course. 
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18 





status score and urgency of surgical intervention (urgent=24 h preparation tune; emergent=2 h; salvage=immediate life-saving intervention (e.g. 


emergency Caesarean section, shock, ruptured aortal aneurysm)) are shown in the frequency bistograms 


Fig 2 Risk features of patient population (7=96 107). Distribution of patient age ıs shown in the box-whisker plot. Distributions of ASA physical 





ERRER 


LLANE LLLLLLLLLLLLA A 





ari A 
poorer Heo 


CZ LLL LLL LLL LL LLL 


Patient age 


ZZZ a") 
or ee a 


IEC severity 
Grade 2 


i 


x SN 


EZ Grade 3 





E Grade 4 
MMMM Grade 5 





SRAI 
CLL ALLL LL els A: 
E jy 


+ N O 
r ~ Sd r 


(%} Oat yo s0uepjoul 


276 


Fig 3 Incidence of the maximum severity grade of anaesthesia-related IEC per anaesthetic procedure with respect to patient age (may include several 


different functional IEC with equal or less severe grades) 
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Fig 4 Incidence of the maximum seventy grade of anaesthesia-related IEC per anaesthetic procedure with respect to ASA physical status score (may 


include several different functional IEC with equal or less severe grades) 


The DGAI defined no criteria to determine what is 
causally responsible for an event (e.g. the anaesthesia or the 
surgical procedure). Most of the tume, particularly in critical 
situations, this is hard to determine because interactions are 
abundant and complex. Even if it were possible to make 
them, such distinctions would offer no gain in quality 
information. In addition, it could be a common reason for 
doctors to refrain from documenting certain incidents for 
fear of being blamed. 


International incidence comparisons 


The overall incidence of IEC in our population, 22.0%, was 
higher than in other German reports using the same 
definitions.!® !9 An overall incidence of 8% was shown to 
be low and inaccurate when the records were reviewed 
afterwards.”* Reported complication rates of 0.05%!° may 
be explained only if restricted inclusion criteria are 
considered (e.g. incidents with potential medicolegal con- 
sequences). Cooper et al.'° found a rate of adverse events of 
18%. These events were called ‘recovery room impact 
events’ and their definition is very similar to that of our IEC 
of grade H or above. The corresponding rate in our 
population was 10.7%. The incidence of ‘moderate, serious 
or catastrophic sequelae’ in Cooper’s study was between 2.7 
and 3.6%, compared with 3.3% in our study. However, our 
patient population, in contrast to Cooper’s, included patients 
transferred to an ICU immediately after surgery (see 


definition of grade IV). Cohen et al.'© found a rate of 
overall events of 25-32% and a rate of ‘major postoperative 
complications’ of 0.4%. Forrest et al?! used a definition 
similar to ours and also five grades of severity. They found 
at least one ‘severe adverse outcome’ in 4.9% of the study 
population. The ‘total complication rate’ in the Gothenburg 
study of perioperative risk?” was 30%. However, it covered 
a longer postoperative period. Generally, the rate of severe 
adverse events is difficult to compare because of different 
severity grading systems and criteria for inclusion in 
studies. Pedersen et al.” reported a complication rate of 
3.6% when they included various severe cardiopulmonary 
events that were quite similar to our IEC of grade II and 
above 

In terms of specific events, Cohen et al. found more 
arrhythmia.!*!® Our incidences of severe cardiovascular 
events (hypotension, hypertension, tachycardia and arrhyth- 
mia) were slightly below the frequencies reported by Forrest 
et al? Unexpected difficult intubation 1s reported to occur 
with a frequency of about 1%,'3 16 which is similar to our 
result. Reporting for bronchospasm was also similar. In our 
population, the incidence of hypoxaemia was higher (0.9 vs 
0.4%) than in the report by Cooper et al.'? The study from 
Gothenburg”* revealed a lower incidence of respiratory 
events. 

Other events play a minor role in our population, 
especially if we focus on severity grades above II. Fewer 
than 25% of all severe IEC did not involve the cardiovas- 
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Fig 5 Incidence of the maximum seventy grade of anaesthesia-related IEC per anaesthetic procedure with respect to urgency of surgery (may melude 
several different functional IEC with equal or less severe grades). For definition of urgency see legend to Figure 2. 


cular or respiratory ‘system. For example, severe equipment 
TEC were rare (0.53%). Cooper et al. found that equipment 
was involved in only 4% of ‘avoidable’ severe incidents.” 
Their investigation, however, was carried out more than 10 
years ago and technical standards and system checks may 
have improved in the meantime. Although ‘incidence’ is 
clearly defined as the new occurrence of an event, this may 
be difficult to determine in practice. Consider, for example, 
a patient with a recent myocardial infarction undergoing a 
short emergency procedure. This procedure may be 
uneventful but the patient would be subject to close 
observation in the PACU for a prolonged time and then be 
transferred to an intermediate care unit or ICU for further 
cardiac monitoring. We suspect that many anaesthetists will 
document this situation incorrectly. This may explain the 
relatively high frequencies of low severity grades with 
intrinsically severe conditions. ‘Near’ incidents, however, 
are included in the methodology. 

Our incidence of disconnection, nausea and vomiting, 
and disorders of laboratory parameters was probably too 
low. In a recent study we found that the long-term variance 
of IEC incidences with a low severity grade are heavily 
dependent on discipline in staff documentation, and may 
therefore not be reliable indicators for quality compari- 
sons.”° 


General problems in incident reporting 

Many aspects will influence reporting. If, in addition to the 
usual anaesthesia record, any further reporting activity is 
required (e.g. finding and filling in a particular report form), 


there is a tendency among anaesthetists to report only the 
most severe events.”’ For this reason, we have installed a 
record-keeping system with an integrated module for 
incident reporting. To prevent major bias, the reporting of 
incidents should be influenced neither by the anaesthetists’ 
fears nor by their individual opinions about what is worth 
documenting. Our department has kept a strict policy of 
confidentiality. Clearly, there is a trade-off between clinical 
education and departmental supervision capabilities for the 
validity of quality data. 

Before starting the project, our department commissioned 
a documentation working group. This group instructed all 
medical staff in our department. Training in handling the 
record and classifying and grading IEC were carried out by 
the provision of formal guidelines and educational meet- 
ings. From then on, new staff members were tutored at 
regular intervals. Critical incidents were discussed in daily 
meetings. We learned that IEC reporting is highly sensitive 
to positive and negative educational effects on documenta- 
tion discipline and that anaesthesia providers have to know 
the sources of influence and to be aware of the possibility of 
manipulating the system.” 

We have learned that leading a project of this size is no 
task for those who are easily discouraged. It requires 
determination and enthusiasm, patience and persistence, 
complete support from the department, and considerable 
resources. This is necessary because motivating staff in 
what will lead to a substantial cultural change in documen- 
tation and practice is a tough barrier,”® particularly if the 
benefit is indirect. Detecting and reducing unreasonable 
variation in practice, however, should reduce costs and 
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provide a predictable quality of patient care, which in turn 
helps to make a clinical facility with its employees more 
competitive.” A good argument in discussions about the 
project has always been that ıt might be better to contribute 
proactively to one’s own quality project than to wait until 
somebody else imposes their regulations. Later, during the 
course of the project, we experienced that passing coded 
information about the occurrence of IEC was an excellent 
way of streamlining information transfer in hand-over 
situations, and thus it aided decision-making even in 
individual cases (e.g. specific preparations for repeated 
anaesthesia if previous IEC are reported during preoperative 
assessment). 

Another barrier is the need to convince medical profes- 
sionals of the necessity of encoding information. Free text 
data is worthless for automated decision support and 
scientific work-up (e.g. statistics, epidemiology, economic 
analyses). Therefore, space for handwritten remarks, 
although ranked highly on the staff request survey, is 
limited on our anaesthesia record. Our preanaesthesia 
record, however, allows detailed coding of historical, 
clinical, laboratory and physiology data organized within 
functional systems and stratified according to severity. If 
information is stripped to the bare facts, the record is 
processed faster and more accurately, especially in hand- 
over situations. 

Educating staff members to check optical mark-reading 
protocols properly may appear to be a simple task, but it is 
hard to achieve. In an initial workflow study, we found that 
most of the errors were of a technical nature related to these 
protocols.” Therefore, we have relied on an integrated 
validating system involving point-of-care clinicians, dedi- 
cated documentation physicians and trained data clerks. 

The technology employed represents devices commer- 
cially available at the time (1991) the project started: one 
optical mark reader, a relational database running on a 
single workstation, and batch processing of the paper forms, 
with considerable delay in the updating of information. 
Beginning in October 1997, we have introduced a new real- 
time system with workstations and printers in all pre- 
anaesthesia offices, several optical mark readers and printers 
in all PACUs, and a fully computerized patient record. It is 
still possible to document an anaesthetic completely on 
paper and to feed the data into the system later, because we 
have many anaesthetic locations that have no network 
connection and may not have one in the near future. 


General critique of the IEC system 


Comprehensive quality assurance in anaesthesia is not 
accomplished with external benchmark comparisons alone. 
In addition, there has to be an internal auditing and 
supervising system within each department which is con- 
cerned with the specific errors or mistakes of the individual 
care-provider and the clinical system environment (e.g. 
wrong drug or equipment usage). These occurrences are 


usually rare and are difficult to evaluate with standard 
statistics. The IEC system is not targeted at the thorough 
evaluation of rare, stochastic errors. The main purpose of 
the IEC system is to evaluate common problems in day-to- 
day anaesthesia patient care. 

Unfortunately, there is no tradition and no clear move in 
Germany towards the national reporting and discussion of 
‘stochastic’ anaesthesia incidents, such as the Confidential 
Enquiry into Perioperative Death (CEPOD)*! in the UK or 
the Australian Incident Monitoring Study. An ideal 
quality assurance system for anaesthesia would have to 
include at least three components: a CEPOD-style reporting 
system; a benchmarking system operating on a state or 
national scale, and a culture of maintaining and animating 
local quality peer review groups. 
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The placenta! transfer of propofol was investigated using the in vitro dually perfused cotyledon 
model of the human placenta, and the effects of protein binding in the foetal perfusate were 
examined. Both maternal and foetal circulatlons were perfused in a single-pass mode and >30 
min of stabilization was allowed before adding propofol and antipyrine to the maternal perfu- 
sate. The placental clearances of propofol were significantly Increased by the augmented albu- 
min concentrations in the foetal perfusate (1.68 (sp 0.68), 3.08 (1.55), 4.79 (1.76), 5.75 (1.89) 
and 7.03 (1.46) ml h g`' at the albumin concentrations of 4.4, II, 22, 33 and 44 g litre |, 
respectively). Although the total propofol concentration in the foetal vein increased signifi- 
cantly with increasing albumin concentration, the concentration of free propofol remained 
unchanged. These results Indicate that binding to foetal albumin is a determining feature in the 
control of the placental transfer of propofol, and that the pharmacological effects of propofol 
on the foetus can be expected to be fairly constant and predictable from the maternal propofol 


concentration. 
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Propofol is becoming increasingly popular in clinical 
anaesthesia and the sedation of intensive care patients 
because of its rapid onset, short duration of action, and rapid 
recovery with a low incidence of postoperative side-effects. 
Several studies have been performed to evaluate the value 
and safety of propofol as an induction agent for general 
anaesthesia in comparison with thiopental in parturients 
undergoing caesarean section!” and for the maintenance of 
anaesthesia.’ Opinions on the safety of using propofol in 
parturients undergoing Caesarean section are divided. 
Although Celleno and colleagues reported that neonates 
from mothers who received propofol (2.4-2.8 mg kg™') had 
muscular hypotonus, lower Apgar and neurobehavioural 
scores than those who received thiopental,?® six other 
centres concluded that propofol (1.5-2.5 mg kg’) is a 
suitable alternative to thiopental.'74°7 The foetal/mater- 
nal ratio of propofol at delivery was reported to be ~0.7,°" 
demonstrating that propofol diffuses across the placenta 
efficiently. Lipid solubility, the degree of ionization and the 


amount of protein binding are considered to influence the 
placental permeability of a drug. Propofol is a highly 
lipophilic compound and is extensively bound to plasma 
proteins (97-99%),'?"'4 and drugs of this type are generally 
believed to bind to albumin in plasma. Therefore, the 
changes in concentrations of proteins such as albumin may 
have considerable effects on placental permeability and 
unbound drug, which is the pharmacologically active form. 
There are many practical difficulties in studying the 
factors governing the placental transfer of drugs in 
parturients. The in vitro perfused human placental 
preparation has been shown to be a useful model'*?! 
for the accurate examination of the determinant(s) of the 
placental transfer of a drug, as it allows perfusate 
components to be manipulated without concern for the 
mother or foetus. The object of the present study was to 
investigate the placental transfer of propofol and the 
effects of protein binding in the foetal perfusate using 
the dually perfused human placental model. 
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Materials and methods 
Placental perfusion 


This study was approved by our institutional review board. 
Placentas from healthy parturients were obtained after 
Caesarean section and transported immediately to the 
laboratory. Foetal and maternal sides of the placenta were 
perfused following the method used in the in vitro perfusion 
model reported previously.” An intact placental lobule was 
selected by inspecting the maternal side, and a chorionic 
artery and vein supplying a single peripheral cotyledon were 
cannulated. Figure 1 shows a schematic diagram of the 
perfusion system. The foetal circuit was perfused at the rate 
of 2.0 ml min”. The cotyledon was then mounted in a 
specially designed chamber maintained at 37°C in a water 
bath, with the foetal surface of the placenta facing 
downwards. Three 20 G needles were gently placed in the 
decidual plate and the intervillous space was perfused at 
15 ml min”. Both foetal and maternal circuits were 
perfused in single-pass mode with tissue culture 
medium 199 modified with Earl’s salts ICN Biomedicals, 
Aurora, OH, USA) containing heparin 2500 u litre, 
gentamicin 50 mg litre™’ and glucose 1.0 g litre’. Human 
serum albumin (HSA) (plasma protein fraction; Baxter, 
Tokyo, Japan) was added to obtain desired HSA concen- 
trations, and dextran (mol.wt 40 000; Wako Pure 
Chemicals, Osaka, Japan) was added to adjust the oncotic 
pressure. Sodium bicarbonate was added to keep the pH of 
the perfusate within the physiological range. Foetal and 
maternal perfusion pressures were measured with a 
sphygmomanometer (Yamasu, Tokyo, Japan). After a 
stabilization period of >30 mun, propofol (Diprivan; 
Zeneca Pharmaceuticals, Osaka, Japan) and antipyrine 
(Wako Pure Chemicals, Osaka, Japan) were added to the 
maternal perfusate. The placental experiment was initiated 
at the albumin concentration of 4.4 g litre™’ in both circuits 
and returned to the same condition at the end of the 
perfusion experiment. In the intervening period, the albumin 
concentrations in foetal perfusate were varied at random 
among 11, 22, 33 and 44 g litre’? at 30-min intervals, while 
the albumin concentration in the maternal perfusate was 
maintained at 4.4 g litre’. Eight placentas were successfully 
perfused and three or four clearance estimations with 
different albumin concentrations in the foetal perfusate were 
performed in each placental preparation depending on tissue 
viability. Arterial and venous samples from the maternal 
circuit and venous samples from the foetal circuit were 
taken at 20 and 30 min during each experimental period for 
propofol and antipyrine measurement. A pilot single-pass 
perfusion experiment with foetal venous samples taken at 2, 
5, 10, 15, 20 and 30 min demonstrated that propofol and 
antipyrine concentrations reached a plateau by 10 min. To 
measure the protein binding of propofol at different albumin 
concentrations, venous samples from the foetal circuit were 
collected during periods of 20-30 min, Venous samples 
were also taken from the foetal and maternal circuits at 30- 
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Fig 1 Schematic representation of the experimental setup for perfusing a 
human placental cotyledon in vitro. 


min intervals for the measurement of human chorionic 
gonadotropin (hCG) concentration. The synthesis and 
telease of hCG by the syncytiotrophoblast is a direct 
indication of the metabolic activity of the perfused 
cotyledon. Additional arterial and venous samples were 
taken for the measurement of glucose and lactate concen- 
trations, to estimate glucose consumption and lactate 
production. At the end of the experiment, perfused placental 
tissue was dissected and weighed, and the concentrations of 
propofol and antipyrine were determined. 


Sample analysis 

Propofol and antipyrine were measured using modified 
high-performance liquid chromatography (HPLC) methods 
reported previously by Plummer” and Ha et al.,”* respect- 
ively. The HPLC apparatus (LC-10AD; Shimadzu, Kyoto, 
Japan) comprised a variable-wavelength UV detector (SPD- 
10AD; Shimadzu) and fluorimetric detector (RF-10AD; 
Shimadzu), a degasser (DGU-14A; Shimadzu), an auto- 
injector (SIL-10AD; Shimadzu) and a column oven (CTO- 
10AS; Shimadzu). Briefly, a Symmetry C18 column (3.5 
um, 4.6100 mm; Waters, Japan) was used for propofol 
analysis with fluorometric detection. For antipyrine, a 
Nova-PakR C18 column (4.0 um, 3.9150 mm; Waters) 
was used with the UV detector set at 210 nm. Placental 
tissue homogenate (10%) was prepared with the mobile 
phase for propofol measurement. Both perfusate and tissue 
homogenate samples were deproteinized with 10 volumes 
of acetonitrile, and 10 ul of the supernatant was injected 
onto the chromatograph. The intra- and inter-assay vari- 
abilities for propofol and antipyrine were <5% over the 
concentration range studied. The perfusate concentrations 
of hCG were measured by enzyme immunoassay using an 
IMx™ hCG Dinapack (Dainabot, Tokyo, Japan). Glucose 
and lactate concentrations were measured using a blood gas, 
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electrolyte, metabolite analyser (ABL system 625; 
Radiometer, Copenhagen, Denmark). 


Measurement of propofol binding 


The unbound fraction of propofol in the perfusate samples 
was determined by an ultrafiltration method using the 
Centrifree™ Micropartition System (Amicon, Bedford, 
MA, USA). 


Calculations of clearance and clearance index 


The placental transfer of propofol and antipyrine was 
evaluated as transplacental clearance. A single-pass experi- 
mental design was used for both maternal and foetal 
circulations. The transplacental clearance was then calcu- 
lated as follows: 


GQ 
CL= 4 (1) 


where Q; is the flow rate of the foetal circulation, Ca and 
Cna are the venous concentration in the foetal circuit and the 
arterial concentration in the maternal circuit, respectively. 
Transplacental clearance was estimated at 20 and 30 min in 
each perfusion period at different albumin concentrations in 
the foetal perfusate. The clearance index (CD of propofol 
was calculated based on the transplacental clearances of 
propofol (CLpropofoi) and antipyrine (CLannpyrne), as fol- 
lows: 

CI = gee (2) 





Statistics 

All data are expressed as mean (SD). SigmaStat for 
Windows (Version 1.0; Jandel Scientific, Chicago, IL, 
USA) was used for the statistical analysis. The propofol 
concentrations, transplacental clearances and clearance 
indexes were analysed by one-way repeated measures 
analysis of variance. If the analysis of variance was found 
to be significant, Bonferroni’s test was performed to 
compare the values at various albumin concentrations in 
the foetal perfusate with that at 4.4 g litre™!. The significance 
of the difference between placental tissue and maternal 
venous concentrations of propofol was evaluated with the 
paired t-test. Differences were considered to be significant 
when P<0.05. 


Results 


The characteristics of the perfused cotyledons are summar- 
ized in Table 1. Glucose consumption, lactate production 
and the production of hea showed values similar to those 
reported previously,” 26 indicating the physiological integ- 
rity of the perfused cotyledons. No hCG was detected in the 
foetal circulation, suggesting the expected preferential 
secretion of the hormone and the physical integrity of the 
placental preparation. 


Table 1 Charactenstcs of the perfused human placentas. All data are 
expressed as mean (SD) 








Placenta weight 538 (77) g 

Cotyledon weight 16.5 (55) g 

Maternal pressure 21 (7) mm Hg 

Foetal pressure 70 (19) mm Hg 

Glucose consumption 0.296 (0 044) mmol min”! g”! 

Lactate production 0 362 (0.094) mmol min”! g`! 

hCG 5.514 (2810) 1u h” g™ 
15.0 
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Fig 2 Propofol concentrations ın maternal artery (diamond), maternal 
vein (down filled triangle), foetal vein (filled circle), and the unbound 
foetal venous concentrations (up filled triangle) at various concentrations 
of human serum albumin ın the foetal perfusate. 


Propofol was detected in foetal samples within 2 min, 
suggesting that propofol passes across the placenta rapidly. 
The propofol concentrations in the maternal artery, vein and 
foetal vein at various albumin concentrations in the foetal 
perfusate are illustrated in Figure 2. The foetal venous 
propofol concentrations increased significantly as the 
albumin concentration increased from 4.4 to 11, 22, 33 
and 44 g litre" (P<0.05), while the maternal venous 
propofol concentration remained unchanged The propofol 
concentration in the foetal vein increased to the level found 
in maternal circulation when the albumin concentration in 
the foetal perfusate was maintained at the physiological 
level of 44 g litre’, resulting in a foetal/maternal concen- 
tration ratio of 1.13 (sD 0.15). In contrast, the concentration 
of free propofol in the foetal vein was not significantly 
affected by the albumin concentration (Fig. 2). 

Figure 3 illustrates the effects of albumin concentration in 
the foetal circulation on the transplacental clearances of 
propofol and antipyrine and the clearance indexes. The 
placental clearance of antipyrine, which is commonly used 
as a reference compound in placental perfusion, did not 
change significantly at a variety of albumin concentrations 
over the range of 3.23 (sD 1.1) to 3.90 (1.40) ml h! g” (Fig. 
3). The placental clearance of propofol was 1.68 (0.68) 
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Fig 3 Effects of human serum albumin concentrations in the foetal 
perfusate on the transplacental clearances of propofol (open columns), 
antipyrine (hatched columns) and clearance indexes (cross-hatched 
columns). 


mih™ g` at the albumin concentration of 4.4 g litre”, with a 
clearance index of 0.51 (0.09). It was significantly increased 
to 3.08 (1.55), 4.79 (1.76), 5.75 (1.89) and 7.03 (1.46) 
ml h g`! by increasing the albumin concentrations to 11, 
22, 33 and 44 g litre’, respectively (P<0.05). Consequently, 
the clearance index exceeded unity when the albumin 
concentration was =22 g litre! (0.76 (0.20), 1.29 (0.19), 
1.49 (0.21) and 2.01 (0.40) at albumin concentrations of 11, 
22, 33 and 44 g litre, respectively). The mean propofol 
concentration in the perfused placental tissue at the end of 
the experiments was 53.3 (20) ug g™ wet tissue, which was 
significantly higher than the corresponding mean maternal 
venous concentration (9.7 (0.9) pg ml’; P<0,001). 


Discussion 


In obstetric anaesthesia, the concern has generally been to 
minimize foetal exposure, but the foetus has now also 
become the object of intended drug treatment,” which is 
usually administered via the maternal circulation. 
Knowledge about the placental transfer and uptake of 
anaesthetics and the factors that may influence transpla- 
cental passage should gain increasing therapeutic import- 
ance in obstetric anaesthesia for foetal therapy. The 
commonly used foetal/maternal concentration ratio varies, 
depending on factors such as the interval between drug 
administration and delivery, and the protein binding of a 
drug in maternal and foetal plasma.”* Thiopental, which is 
the most commonly used induction agent in obstetrics, 
crosses the placenta rapidly and can be detected in umbilical 
blood within 30 s of its administration to the mother.” The 
mean foetal/maternal ratio for thiopental has been reported 
to be in the range of 0.4-1.0.*° Albumin concentrations in 
both mother and foetus are reported to show dynamic 
changes during pregnancy. The maternal and foetal 
albumin concentrations were shown to range between 25 


and 35 g litre’ and between 7.5 and 39.8 g litre”, 
respectively, over weeks 12-40 of gestation.*! In this study, 
the placental transfer of propofol was investigated using the 
perfused human placental model, which allowed us to 
simulate this in vivo situation by varying the albumin 
concentration in the foetal circulation from 4.4 to 44 g litre™). 

Antipyrine serves as an ideal marker of placental transfer 
because it is of intermediate solubility and does not bind to 
plasma proteins. The placental clearance of antipyrine 
remained unchanged throughout the experimental period at 
different albumin concentrations in the foetal perfusate (Fig. 
3), suggesting that the transplacental exchange of small 
molecules was maintained throughout the perfusion period. 
The transplacental clearance of propofol increased consid- 
erably with increasing albumin concentration, and was 
significantly greater than that of antipyrine when the 
albumin concentration in the foetal circulation was 
222 g litre"'. This result indicates that the placental 
permeability of propofol might be more efficient than that 
for antipyrine during the pregnancy period close to term. 
Increasing the albumin concentration in the foetal perfusate 
led to a significant increase in the placental transfer rate of 
propofol, demonstrating that binding to albumin in the 
foetal circulation is a dominant feature in the control of the 
placental transfer of propofol. Binding of propofol to 
plasma was reported to be independent of the substrate 
concentration over the range 0.04—150 mg mi7!;>? therefore, 
the binding capacity for propofol is expected to be 
proportional to the albumin concentration according to the 
formula B/F = nK,P, where B is the bound drug concen- 
tration, F is the unbound drug concentration, n is the number 
of binding sites per molecule of protein, K, is the affinity 
constant and P is the concentration of binding protein.” 
Consistent with this suggestion, the observed unbound 
fractions of propofol in foetal venous samples were 16.9 (sD 
3.6), 12.7 (3.3), 6.8 (1.5), 4.2 (1.1) and 2.8 (0.5)% at 
albumin concentrations of 4.4, 11, 22, 33 and 44 g litre, 
respectively. Therefore, the facilitated placental transfer of 
propofol can be readily explained by the differences in 
protein-binding capacity at various albumin concentrations, 
because the increased protein-binding capacity for propofol 
at higher albumin concentrations in the foetal perfusate 
allows a larger amount of the drug to cross the placenta 
faster. This is consistent with observations using the same 
perfused human placenta model with several other lipophi- 
lic drugs, including thiopental, demonstrating that transpla- 
cental distribution was markedly influenced by maternal and 
foetal protein capacity, !? 20 3437 

The placenta is unique in being perfused on both its 
maternal and its foetal surface, and foetal blood is separated 
from that of the mother by the placental trophoblast and the 
foetal capillary system. Therefore, the transplacental 
exchange of a drug comprises three processes: distribution 
from the maternal circulation to the placenta; placental 
sequestration, including intracellular binding to placental 
component(s) and placental metabolism; and transfer out of 
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the placenta to the foetal and maternal circulations. The 
maternal venous concentrations were not influenced by the 
albumin concentration in the foetal perfusate, resulting in 
constant extraction of propofol from the maternal circula- 
tion, which was about 15% (Fig. 2). Therefore the consid- 
erable facilitation of the transplacental exchange of propofol 
by increased albumin concentrations can be attributed to the 
facilitated placental sequestration of propofol from the 
placenta to the foetal circulation. That is, the placental 
transfer of propofol is restricted by placental retention at 
lower albumin concentrations in the foetal perfusate. 
Consistent with this, high placental tissue concentrations 
of propofol (53.3 (20) ug ml’) were observed at the end of 
the experiment. This implies that the placenta plays an 
important role in protecting the foetus from exposure to 
propofol administered to the mother as a depot. On the basis 
of a simple model that has been proposed to interpret the 
effects of binding to serum albumin and to the placenta on 
the placental transfer of a drug,*® the protein-binding 
capacity and the relative affinity of propofol for maternal 
and foetal plasma proteins and to placental component(s) 
can be considered to be the predominant features of the 
control of transfer across the placenta. Furthermore, 
restricted foetal transfer associated with pronounced 
placental accumulation for lipophilic drugs, such as 
bupivacaine, dexmedetomidine and sufentanil, has also 
been reported,!7 182021 

The foetal/maternal concentration ratio of propofol 
varied with the albumin concentration in the foetal 
perfusate, ranging from 0.74 (0.28) to 1.13 (0.15) over the 
albumin concentration range of 22-44 g litre“ in this human 
perfused cotyledon model. This indicates that the clinically 
measured foetal/maternal ratio, which is considered to be an 
index of the placental wansfer of a drug, can show a wide 
range depending on the plasma protein concentrations. It is 
of note that the free concentrations of propofol in the foetal 
perfusate did not change significantly, irrespective of the 
considerably increased total propofol concentrations (Fig. 
2). Therefore, the pharmacological effects of propofol will 
not be influenced by the plasma albumin concentration in 
the foetus. However, in vivo, foetal uptake of propofol is a 
dynamic process, and on the basis of the lower umbilical 
arterial concentrations compared with those in umbilical 
vein samples it has been suggested that the neonate 
continues to take up propofol during delivery, a process 
that may involve neonatal metabolism.” Protein binding can 
be seen as a mechanism whereby propofol is transported to 
and from the peripheral tissues; therefore, the storage 
function of plasma protein binding should not be neglected. 
The enormously increased bound component in the foetus at 
higher albumin concentrations might result in a prolonged 
effect of propofol on the foetus, and more importantly, on 
the neonate after birth. 

In summary, placental transfer of propofol was signifi- 
cantly facilitated by increased albumin concentrations in the 
foetal circulation, indicating that the binding capacity to 


albumin in the foetal circulation is a dominant feature in the 
control of the transplacental exchange. The high propofol 
concentration in placental tissue demonstrates that the 
placenta plays an important role in protecting the foetus 
from exposure to propofol administered to the mother as a 
depot. The free concentration of propofol did not change 
significantly despite the considerably increase in total 
propofol concentration in the foetal circulation associated 
with the increased albumin concentration, suggesting that 
the pharmacological effect of propofol on the foetus can be 
expected to be fairly constant and predictable from the 
maternal propofol concentration. However, the storage 
function of plasma protein binding should not be neglected. 
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The identification of a serum marker to assist In the diagnosis of cerebral injury after cardiac 
surgery is potentially useful. S100 protein is an early marker of cerebral damage. It is released 
after cardiac surgery performed under cardiopulmonary bypass (CPB). Its level Is correlated 
with the duration of CPB, deep circulatory arrest and aortic cross-clamping. Increased levels 
of S100 protein are correlated with the age of the patlent and the number of microemboh, 
especially during aortic cannulation. Perioperative cerebral complications such as stroke, 
delayed awakening and confusion are associated with increased levels of S100 protein directly 
after bypass and from |5 to 48 h after it. In addition, increased levels of $100 protein are 
related to neuropsychological dysfunction after cardlac surgery. $100 protein has early and late 
release patterns after CPB; the early pattern may be due to sub-clinical brain injury. The late 
release pattern may be due to perioperative cerebral complications. Patients undergoing intra- 
cardiac operations combined with coronary artery bypass surgery are more susceptible to 
brain injury and have higher levels of S100 after CPB. Furthermore, adults and children under- 
going deep circulatory arrest are more susceptible to brain Injury, in terms of higher $100 
protein release after CPB. Serum S100 protein levels are reduced after using arterial line filtra- 


Serum S100 protein as a marker of cerebral damage during 
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tion and covalent-bonded heparin to coat the Inner surface of the CPB circuit. 
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Despite advances in anaesthesia, cardiopulmonary bypass 
(CPB) and surgical techniques, cerebral injury remains 
a major source of morbidity after cardiac sur- 
gery.” 5158697178 The diagnosis of cerebral injury cur- 
rently relies on clinical neurological examination, computed 
axial tomography (CT) or magnetic resonance imaging 
(MRI). However, these methods are not always suitable for 
use immediately after cardiac surgery when patients may be 
unconscious, sedated and artificially ventilated, or haemo- 
dynamically unstable, and thus unable to cooperate. The 
identification of a biochemical serum marker to assist in the 
diagnosis of cerebral injury would potentially be useful. 
One way to demonstrate the adequacy of a particular 
biochemical marker is to establish a correlation between a 
plasma level and neurological or neuropsychological out- 
come. Another possibility would be to establish an associ- 
ation with some variable that is considered relevant to the 
neuropsychological outcome, for example number of 
microemboh,° © duration of CPB,” or the use of arterial 


filters. Other methods might involve changing the CPB 
strategy or surgical technique, or using neuroprotective 
drugs (e.g. GM, ganglioside,*? magnesium sulphate 
(MgSO,)”” 53.363784, or antı-inflammatory drugs (eg. 
methylprednisolone, aprotinin’), to study the effect of this 
change or ‘beneficial effect’ on biochemical marker levels.* 

$100 protein 1s an early marker for brain damage, which 
might be valuable to gauge the timing and extent of cerebral 
damage after CPB. Recently, elevated serum levels of $100 
have been detected after adult cardiac operations compli- 
cated by neurological injury.° 1°” 

In this review, the pattern of S100 protein release and its 
relation to postoperative neurological outcome after cardiac 
operations with different CPB techniques will be discussed. 


What is $100 protein? 


In 1965, Moore isolated a subcellular fraction from bovine 
brain, which was thought to contain nervous system-specific 
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proteins. This fraction was called $100 because the 
constituents were soluble in 100% saturated ammonium 
sulphate at neutral pH. The $100 protein family contains 
~16 members based on amino acid sequence homology and 
similar structural properties.” $100 protein is an acidic 
calcium-binding protein (molecular weight 21 kDa) found 
in high concentrations in glial and Schwann cells. It exists in 
various forms depending on alpha or beta unit configuration. 
The beta subunit is highly brain specific. The beta-beta 
($1008) units are present in glial and Schwann cells, the 
alpha-beta (S100 af) subunits appear in glial but not in 
Schwann cells,°?* whereas alpha-alpha (S100a0) subunits 
are present in striated muscles, heart and kidney. $100 
protein is metabolized in the kidney and excreted in urine, 
and has a biological half-life of ~2 h.?! 

The exact functions of $100 proteins are not well known. 
As S100 proteins are mostly present intracellularly, the 
majority of the molecules will function as intracellular 
calcium receptor proteins. In addition, Zimmer and 
colleagues suggested that $100 proteins modulate a wide 
range of intracellular processes including inter-cell com- 
munication, cell structure, growth, energy metabolism, 
contraction and intracellular signal transduction. 
Furthermore, $1006 protein is involved in promoting axonal 
growth, glial proliferation, neuronal differentiation and 
calcium homeostasis.'°477 More importantly, $1008 
protein is considered as a contributing factor in 
Alzheimer’s disease and acquired immune deficiency 
syndrome (AIDS).** ® Interestingly, studies using animal 
models have suggested that extracellular S100 protein may 
play a role in learning and memory.” #5 


S100 protein assay 


Two methods for $100 protein analysis have been 
described. 

(1) Monoclonal two-site immunoradiometric assay 
(Sangtec 100; Sangtec Medical AB, Bromma, Sweden), 
which has a lower detection limit of 0.2 ug litre"? 

(2) Immunoluminometric assay (Sangtec LIA100; AB 
Sangtec Medical, Bromma, Sweden) which can measure 
$100 protein to 0.02 ug litre’. 

Both types of assay use three monoclonal antibodies 
(SMST12, SMSK 25, SMSK 28) to detect the B chains in the 
BB and oP dimers of $100 protein. 

$100 protein is normally not detectable in serum, but 
appears after a stroke, subarachnoid haemorrhage, head 
injury or CPB.*> 46793 The lower limit of detection 
ranges from 0.02 to 0.2 pg litre’, depending on the type of 
assay.’ °? $100 protein levels in excess of 0.5 ug litre™’ are 
considered pathological.” 

5100 protein is thermostable and its assay is not affected 
by heparin, protamine or propofol.”’ Similarly, haemolysis 
has no effect on the analysis of S100 protein samples.”* 
Samples can therefore be taken throughout surgery involv- 
ing CPB. S100 protein is stable on storage of the whole 


blood sample for up to 48 h, either room temperature or at 
4°C, before and after CPB operations.” 


S100 protein release in non-cardiac surgery 
patients 


S100 protein in pathological conditions 


Increased levels of S100 protein have been observed in 
Alzheimer’s disease, dementia associated with Down’s 
syndrome and in AIDS. Elevation of serum $100 protein is 
directly related to an increased gene expression.” 3! 8? In 
fact, the position of the $1008 gene is on the long arm of 
chromosome 21 which is also involved in the translocation 
causing Down’s syndrome.’” 

Interestingly, Lindberg and colleagues*® found high 
levels of S100 protein before and after CPB in children 
with Down’s syndrome. However, there was no significant 
change in $100 protein concentrations after CPB compared 
with the pre-bypass levels. The authors” suggested that the 
increased concentrations of S100 protein in children with 
Down’s syndrome may be explained by duplication of 
chromosome 21, possibly in conjunction with a more 
permeable blood~brain barrier. 

In Alzheimer’s disease, there is DNA amplification in 
regions near to the localization site of 51008 protein. 
However, the correlation between the increased levels of 
$100 protein and features seen in Alzheimer’s disease or 
Down’s syndrome is not clear.” It is possible that the 
abnormally high $100 protein levels could induce alter- 
ations in neurite outgrowth, and glial cell proliferation and 
morphology, and also affect calcium homeostasis leading to 
cell death.?” 


S100 protein after minor head injury 


Ingebrigsten and colleagues’? reported increased serum 
levels of S100 protein after minor head injury. Minor head 
injury is characterized by a lack of demonstrable focal 
neurological deficit and apparent clinical recovery.” But, 
Waterloo and colleagues?” found that the raised levels of 
$100 protein after minor head injury are associated with 
specific dysfunction on tests of attention, 12 months after 
injury. The authors suggested that the increased serum 
levels of S100 protein may be of prognostic value for long- 
standing neurocognitive abnormalities after minor head 
injury.” 


S100 protein in patients with acute stroke 


High $100 protein concentrations have been detected in 71- 
81% of patients with acute ischaemic stroke, but not in 
healthy subjects.'°'? Patients with detectable $100 protein 
had significantly larger brain lesions. $100 protein levels 
were increased in patients with larger infarctions at 10 h and 
thereafter following the onset of symptoms.’? Neurological 
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Serum $100 protein 


Table 1 Changes in $100 protein levels (median) in four groups of patients undergoing cardiothoracic surgical procedures with or without CPB (Kumar and 

















colleagues)“ 
Group 1- Group 2- Group 3- Group 4-aortic root 
lung resection CABG aortic root replacement with 

replacement circulatory arrest 

Mean age, years 66 38 56 64 

Number of patients 4 6 4 5 

Mean duzaton of CPB, min — 100 111 109 

Temperature, °C 37 32 28 18 

Serum level of S100 after CPB, ug lıtre™! (median) — 05 13 23 


outcome scores, as assessed by the Scandinavian stroke 
scale,’ were inversely correlated with serum levels of $100 
protein determined after 10 h (r=-0.56, P<0.05), 24 h 
(r=-0.8, P<0.05) and 72 h (r=-0.78, P<0.05). Three patients 
who had fatal outcomes had the highest serum $100 
concentrations.’ 

The peak levels of S100 protein were recorded on the third 
day after the stroke.’ ©! Missler and colleagues®! found that 
the peak levels were correlated with the infarct volume when 
measured by volumetric CT scan (r=0.75, P<0.001), and 
with the clinical outcome assessed by the Glasgow outcome 
scale (r=0.51, P<0.001). In addition, Biittener and col- 
leagues!’ observed that patients with severe neurological 
deficits on admission, extensive infarction and the space- 
occupying effect of ischaemic oedema, had significantly 
higher serum S100 protein concentrations. These studies 
suggest that serum 5100 protein concentration during acute 
stroke is a useful marker of infarct size and clinical outcome. 
Furthermore, it might be useful in monitoring the effects of 
new therapies in acute cerebral disease. 


S100 protein after cardiac arrest 


Rosén and colleagues’ used $100 protein levels for 
prognostic evaluation in 41 patients after cardiac arrest. 
The highest levels of S100 protein were found on the first 
day after arrest. Moreover, S100 protein levels on day 2 
correlated with the degree of coma (7=0.49, P<0.01) and the 
period of anoxia on days 1 and 2 (r=0.50, P<0.01, and 
r=0.60, P<0.01, respectively). Interestingly, all patients 
with a $100 protein level =0.2 pg litre! on day 2 after 
cardiac arrest died within 14 days, and 89% of patients with 
levels below this value survived. It is clear that the increase 
in S100 protein after cardiac arrest reflects the degree of 
hypoxic brain damage and can help to predict the short-term 
outcome. 


Cardiac surgery and S100 protein 


Patterns of S100 protein release after cardiac 
surgery 
Adult cardiac surgery 


Blomquist and co-workers’® studied the pattern of S100 
protein release during and after cardiac surgery. In one 





group of patients, samples were collected after heparin 
administration, 20 min after the start of CPB, at the end of 
CPB, and then at 3, 6, 12, 24 and 48 h after the end of CPB. 
In a second group, the course of $100 protein release was 
defined by samples taken’ before anaesthesia; before the 
start of surgery; before the administration of heparin; and at 
10 and 40 min after the start of CPB. At the end of CPB, 
samples were collected every 15 min for 90 min; thereafter 
samples were taken at 2, 3, 4, 5, 6, 8, 10 and 20 h after CPB. 
In the first group, detectable concentrations of $100 protein 
were found 20 min after the start of CPB. Maximum 
levels (mean (SD), 2.43 (0.3) ug litre™') occurred at the 
end of CPB; thereafter concentrations declined to 
1.2 (0.2) ug litre”! at 3 h after the end of CPB. An increase 
in $100 protein level was observed at 5 h post-CPB and was 
followed by a steady decrease throughout the period of 
study. In the second group, a simular pattern was observed. 
Maximum levels of $100 protein (1 96 (0 38) ug litre™') 
were noted at the end of CPB. The levels then stabilized 5 h 
after CPB, followed by a steady decrease until the end of the 
study. Before CPB, anaesthesia of 2 h or more in combin- 
ation with surgery did not initiate any release of S100 
protein into serum. Westaby and colleagues” confirmed 
that elevations in serum levels of $100 did not occur in 
patients who underwent coronary artery bypass surgery 
without CPB. Furthermore, $100 did not appear in the 
serum of patients who had thoracic surgery without CPB*® 
(Table 1). 

However, CPB ıs associated with the release of brain- 
specific $100 protein, thus indicating an injury to the blood— 
brain barner or neuronal cell injury.** 4°? The highest level 
of S100 protein occurred at the end of CPB and was 
followed by a continuous decline '°°? The delay in elimin- 
ation of $100 protein observed 5 h!° after the peak levels 
might indicate a secondary release of $100 protein due to 
injury caused by re-establishment of pulsatile perfusion 13 
Recently, Gao and colleagues’? found the peak levels of 
$100 protein at the end of rewarming (mean (SEM), 
1.65 (0.23) pg litre’) decreased significantly by the end 
of the operation, and returned to pre-bypass concentrations 
by the second day after surgery. Furthermore, the peak level 
of $100 protein occurred at the end of warm CPB 
(temperature 37°C), with a slight, but not significant, 
increase at the end of cold CPB (temperature 32°C). 
Unlike Gao and colleagues,” Tonniger and colleagues?’ 
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Table 2 Early and late associations of S100 protein release after CPB 





Earty $100 protein release (from end of CPB to 5 h after CPB) 


Late S100 protein release (from 15 h to 48 h after CPB) 





0) Age? 46 87 


(2) Duration of CPB?6 46 49 93 

(3) Duration of aortic cross-clam ing? z 

(4) Duration of circulatory 49 

(5) Preoperative cerebrovascular complications 
(stroke, transient ischaemic attacks and arteriosclerosis of ascending aorta)? 

(6) Number of emboli especially during aortic cannulation™* 

(7) Postoperative cerebral complications (stroke and confusion)!° 

(8) Preoperative renal impairment (serum creaunine >177 pmol htre™!), 
associated with increased serum $100 protein only at 5 h after CPB* 


found similar S100 protein levels after cold and warm 
bypass using the same CPB temperatures. $100 protein was 
measured 30 min after CPB in Tonniger’s study,®? which 
would probably not have detected the peak concentrations. 

Jönsson and colleagues** characterized the $100 protein 
release pattern after CPB in 515 patients undergoing 
coronary artery bypass surgery, 85 (16.5%) of whom had 
pre-operative cerebrovascular disease. Samples were taken 
at the end of CPB, and after 5, 15 and 48 h. Serum levels of 
$100 protein decreased gradually with time after termin- 
ation of CPB. An early increase in S100 protein at the end of 
CPB and up to 5 h was related to patient age (r=0.59, 
P<0.001;*’ 7=0.29, P<0.0001**), and duration of CPB 
(r=0.89, P<0.001;°? r=0.58, P<0.001;*° r=0.93, P<0.001”*). 
In addition, Jönsson and colleagues“? found that patients 
with a previous history of stroke or transient ischaemic 
attack had higher S100 protein levels directly after CPB 
than patients who did not have such a history (mean (SD), 3.3 
(2.4) vs 2.2 (1.8) ug litre™!, P<0.001). Furthermore, patients 
with pre-operative impaired renal function (serum creati- 
nine >177 umol litre™’) had higher S100 protein levels at 
5 h after CPR." 

The relationship of increased levels of $100 soon after 
CPB to age suggests more cerebral vulnerability in older 
patients. Age is known to be a risk factor for increased 
neurological injury after cardiac operations,” 839 and is the 
most important predictor of stroke following coronary 
artery bypass grafting surgery.“ Interestingly, increased age 
has been found to predispose to impaired cognitive function 
after cardiac surgery. The most likely explanation is 
the increasing prevalence of arteriosclerosis with occult 
cerebrovascular disease as well as an increased risk of 
embolism from ascending aortic plaques in older patients.” 

After cardiac surgery, most of the neurological injuries 
have been thought to be due to macroemboli (200 [im in 
diameter or greater) and microemboli (less than 200 um in 
diameter),!2~14°° 0717481 Macroemboli (associated with 
atherosclerotic plaque disruption) are believed to precipitate 
focal defects, whereas particulate microemboli (consisting 
of white cell and platelet aggregates, or fat) may be 
implicated in more subtle cerebral dysfunction.*” 


(1) Perioperative cerebral complications (stroke, delayed awakening 
and confusion)’ 1 4! 43 

(2) Duration of circulatory arrest 

(3) Duration of absent cerebral perfusion? 

(4) Patents with preoperative arteriosclerosis of the ascending aorta’ 

(5) Neonates (until 15 h post-bypass)*® 


Patients with pre-existing cerebrovascular disease such 
as a past history of stroke, transient ischaemic attack or 
an atheromatous aorta, may have subclinical cerebral 
pathology, which predisposes to early $100 protein release 
after CPB.*? In addition, patients with a previous history of 
cerebrovascular disease are generally believed to be at 
greater risk of further cerebral injury during CPB.’° Primary 
perioperative cerebral complications such as delayed 
awakening, confusion or stroke are associated with higher 
levels of $100 protein at 15-48 h after CPB.” 

Early release of serum $100 protein after CPB is 
associated with different pre- and perioperative events and 
it is difficult to determine the exact cause of its release 
(Table 2). The level of S100 protein at which stroke or any 
cerebral complication can be diagnosed is not entirely clear. 
In addition, the patterns of S100 protein release give little or 
no information about the anatomical distribution of the 
injury and its functional impact. However, it is generally 
considered an early indicator of brain injury that has 
occurred either during or after CPB. In particular, its value 
is that it can be measured at a time when other diagnostic 
techniques (e.g. neurological and neuropsychological 
examinations, CT scan, MRI) may not be suitable or are 
not able to detect such injuries. 


Paediatric cardiac surgery 

Serum S100 has been detected in neonates and in some 
younger children before CPB.*? However, in children older 
than 8 yr, there were no detectable levels of S100 before 
CPB,” as in adult studies. The preoperative elevated serum 
level of $100 protein without obvious cerebral injury in 
children under 8 yr can possibly be explained by the less 
selective permeability of the blood-brain barrier combined 
with a higher protein turnover in the neuronal cells because 
of the rapidly maturing central nervous system.‘ A reduced 
renal excretion may also contribute to this increase of $100 
in the youngest children.*® The highest levels of serum S100 
appeared directly after CPB followed by a decline, as in 
adult studies. This decline was not detected in neonates after 
circulatory arrest until 15 h after CPB,*? which could 
indicate a continuous releasé of $100 protein into the serum 
of those patients (Table 2). 
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Table 3 Recommended $100 protein sampling times in patients undergoing 
cardiac surgery with CPB 


(1) Pre CPB (basal) 

(2) At the end of CPB (0 time) 

(3) For studying early release pattern, samples should be taken at 
O time (at the end of CPB) 
25 h after CPB 
5 h after CPB 

(4) For studying the late release pattern, samples should be taken at: 
15 h after CPB 
24 h after CPB 
48 h after CPB 


Recently, in neonates and infants undergoing open-heart 
surgery, Abdul-Khaliq and colleagues! found a significant 
and continuous increase of $100 protein compared with pre- 
bypass levels, at 5 min on CPB, and 5 min before and 5 min 
after aortic cross-clamping. Peak levels were reached at the 
end of CPB. Interestingly, they also recorded a concomitant 
elevation of malondialdehyde (a marker of radical-induced 
lipid peroxidation, which may provide information on 
excessive generation of free radical from membrane injury) 
parallel to the increased S100 protein, especially after 
declamping and at the end of CPB. An important pathogenic 
factor involved in the reperfusion injury is the generation of 
oxygen-free radicals,°?’*° Abdul-Khaliq and colleagues’ 
suggested that injured astrocytes may release $100 protein, 
which penetrates the injured endothelial barrier and enters 
the blood. This assumption is supported by a simultaneous 
increase in malondialdehyde concentrations. Significant 
contamination of malondialdehyde from other organs is 
unlikely, because blood samples were from veins which 
drain the brain, and malondialdehyde only has a half-life of 
10 min. The significance of such observations requires 
further neurophysiological and neurodevelopmental follow- 
up studies. 

High serum levels of 8100 protein have been associated 
with increased levels of the serum cytokine inflammatory 
mediators, interleukin 6 and 8 (IL-6 and IL-8). After 
paediatric cardiac surgery, IL-6 increased at the end of CPB 
and correlated with $100 at 2 h after CPB (r=0.55, P=0.03). 
IL-8 correlated with $100 protein at 24 h after CPB (7=0.77, 
P=0.002).4 The authors suggested that increased $100 
protein levels after cardiac surgery may, in part, be cytokine 
mediated.* 

Thus, serial measurements of $100 protein with identi- 
fication of early and late release patterns may, in the future, 
provide a marker for the more accurate diagnosis of cerebral 
injury after CPB. In addition, further studies need to be 
performed to identify the $100 protein release patterns after 
warm CPB in adults and children undergoing open-heart 
surgery. 

The recommended timing for S100 protein estimation, 
when studying adult and paediatric patients undergoing 
cardiac surgery, is illustrated in Table 3. 


5100 protein and neurological complications after 
cardiac surgery 


Johnsson and colleagues*! measured $100 protein and 
neurospecific enolase (NSE) levels in 35 patients, and found 
that elevated levels were associated with neurological 
complications after cardiac surgery. Samples for analysis 
were taken before the operation and on the second 
postoperative day. Eight patients (23%) suffered neuro- 
logical complications after CPB, four (11%) had a stroke 
and four (11%) had diffuse non-focal encephalopathy. The 
patients who suffered neurological complications were 
older and had longer perfusion and aortic cross-clamp 
times, Also, patients undergoing intracardiac operations 
(valve surgery) with or without coronary bypass surgery had 
more neurological complications than patients who had 
CABG alone. The highest level of $100 was detected in a 
patient following aortic arch surgery who suffered a fatal 
stroke and died 9 days after surgery. Computed tomography 
(CT) performed after 6 days showed multiple large 
infarctions in both hemispheres“! (Table 4). This suggests 
that the complexity of the operative procedure is an 
important risk factor for neurological complications after 
CPB surgery. However, patients who only underwent 
CABG had one-third of the risk of neurological complic- 
ations compared to patients who underwent aortic aneurysm 
surgery or intracardiac operations with or without CABG 
(14% vs 36%, respectively).*! Furthermore, Taggart and 
colleagues® confirmed that patients who underwent intra- 
cardiac operations had significantly higher serum levels of 
$100 after CPB than after CABG. One patient had a stroke 
on the first postoperative day after an intracardiac operation. 
Recently, Wolman and colleagues™ in a multicentre study, 
also demonstrated that patients undergoing intracardiac 
surgery combined with CABG are at a greater risk of 
developing cerebral complications compared with CABG 
alone. They found a 2.5-fold increase (16% in combined 
intracardiac and CABG vs 6% in CABG alone) in both focal 
and diffuse cerebral complications. Interestingly, there was 
a fourfold increase in mortality (7.4% in combined 
intracardiac and CABG vs 1.9% in CABG alone) even in 
patients who did not sustain any cerebral injury. The causes 
of this difference were thought to be an increased risk of 
particulate and air emboli in open-chamber surgery, 
increased age, more associated disease, and longer CPB 
and aortic cross-clamp durations.” Thus, measurements of 
serum $100 protein during cardiac surgery will help in early 
identification of patients with an added risk of neurological 
complications after the operation. 

In another study,’° four patients developed cerebral 
complications after CPB surgery (Table 5), although patient 
2 had a preoperative history of multiple strokes with 
persistent impairment of memory. His surgical procedure 
was complicated by prolonged CPB caused by haemor- 
rhage. $100 protein was detected in his serum pre- 
operatively and he had the highest level of $100 protein at 
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Table 5 $100 protein concentrations (ug htre™') ın four patients with cerebral complications after CPB!° 














Patient no. S100 protein concentrations (ug litre“) Cerebral complications 
Pre CPB End of CPB 24h 48h 

1 0 3.2 05 02 Confusion 

2 0.32 6 62 5 26 9 08 Infarction 

3 0 8.7 1.6 05 Confusion 

4 0 62 0.83 0.56 Confusion 





48 h after surgery. The patient developed severe confusion 
and depression on the second postoperative day. A CT scan 
performed 4 days after surgery showed new areas of 
infarction localized in the temporal and frontal lobes (Table 
4). In the other three patients with minor cerebral injuries, 
the highest levels of S100 protein were detected after CPB 
and decreased after 24-48 h, although they were still 
detectable (Table 5). In addition, in Astudillo and co- 
workers’ study,” the patient with the highest $100 protein 
values after CPB and at 24 h after surgery developed a 
postoperative stroke. Several frontal cerebral infarctions 
appeared on CT after surgery (Table 4). 

From the previous studies, it is clear that all patients with 
perioperative cerebral complications had increased levels of 
$100 after CPB surgery, except for one patient in Johnsson 
and co-workers’ study"! (Tables 4 and 5). This suggests that 
$100 protein is a sensitive marker for brain injury after CPB 
surgery. In patients with cerebral infarction confirmed by 
CT, elevated levels of serum S100 were sustained and 
increased with time, suggesting a progressive release of 
$100 into the circulation through disruption of the blood— 
brain barrier'°*!“* (Tables 4 and 5). As the biological half- 
life for S100 is short, the serum concentration must be 
maintained by persistent release. 


S100 protein and neuropsychological dysfunction 
after cardiac surgery 


Grocott and colleagues*? found an association between 
serum $100 protein level and neurocognitive dysfunction 
after CPB surgery. In addition, Kanbak and colleagues“ 
found a moderate correlation (r=—0.43) between the Visual 
Aural Digit Span test (VADST) and serum $100 protein 
concentrations after CPB. Recently, Kilminster and col- 
leagues“ studied $100 protein release during and 5 h after 
the onset of CPB, and neuropsychological tests preopera- 
tively and for 6-8 weeks after surgery in 130 patients 
undergoing cardiac surgery. They*° found that less $100 
protein release was associated with better neuropsycho- 
logical performance, and the change in neuropsychological 
tests accounted for 23% of the variance of S100 protein area 
under the curve (AUC) release. With further experience, 
$100 protein may provide a prognostic indicator for patients 
with overt cerebral injury. However, the serum level of 
$100 protein gives no idea about the site or the clinical 
effects of any cerebral injury. 





S100 protein release in patients without overt 
neurological dysfunction 


High levels of $100 protein were recorded soon after CPB 
but decreased by 24 h postoperatively in between 11 and 
87% of patients who recovered without overt neurological 
injury’ 10414 87 (Table 6). Interestingly, early subtle cog- 
nitive dysfunction occurs in up to 70% of patients after 
CPB,” and it is associated with increased levels of $100 
protein after CPB.*? “+ 

An elevated level of serum $100 in patients with an 
uneventful clinical outcome might provide evidence of 
subclinical injury which may be due to diffuse microemboli 
and increased permeability of the blood—brain barner, but 
not irreversible cerebral damage through neuronal ischae- 
mia and death.*? “9% 

Grocott and colleagues? confirmed the association 
between elevated levels of S100 after CPB and the number 
of middle cerebral artery microemboli detected by trans- 
cranial Doppler, especially those occurring during the period 
of aortic cannulation. In addition, Babin-Ebell and col- 
leagues’ observed that the release of $100 protein (calcu- 
lated as AUC) was related to thrombin formation assessed 
by thrombin—antithrombin complex (TAT), and to the total 
embolus count (r=0.71, P=0.0001, and r=0.42, P=0.009, 
respectively) during cardiac surgery. The blood-brain 
barrier is based on the endothelial lining of the vasculature 
and, under normal circumstances, is not permeable to 
proteins,”® The systemic inflammatory response syndrome 
and endothelial cell activation and injury are well known to 
occur after cardiac operations,!! 16 The endothelium leuko- 
cyte interaction with the release of inflammatory mediators 
leads to damage to endothelial integrity, sticking of 
leukocytes in the microcapillary bed and microcirculatory 
dysfunction.*? The increased endothelial permeability of the 
blood-brain barrier could explain the augmented release of 
$100 protein in the blood after CPB. 

Harris and colleagues** have shown that cardiac surgical 
patients investigated using MRI within | h of surgery all 
showed signs of brain oedema. None of the patients 
experienced any major neurological complications after 
CPB. Such oedema may be regarded as indicative of 
cytotoxic reactions or vasogenic disorders, both of which 
are known to compromise the blood-brain barrier.’? Using 
MRI, cerebral pathology has been documented in 30% of 
patients without overt clinical signs after CPB.*® 
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Table 6 Clinical outcome and serum level of $100 protean 











Study Number of patients (%) Number of patients (%) Total 
with normal serum level of S100 with pathological serum level of S100 
(1) Johnsson’ 
neurological complications 1 (29%) 7 (20%) 8 (22 9%) 
no complications 23 (65 7%) 4 (11.4%) 27 (77.1%) 
total 24 (68.6%) 11 (314%) 35 (100%) 
(2) Astudillo 
neurological complications 0 2 (20%) 2 (20%) 
no complications 0 8 (80%) 8 (80%) 
total 0 10 (100%) 10 (100%) 
(3) Jonsson“ 
neurological complications 0 (0%) 42 (8.2%) 42 (8.2%) 
no complications 24 (47%) 449 (87.1%) 473 (91.8%) 
total 24 (47%) 491 (95.3%) 515 (100%) 
(4) Taggart” 
neurological complications 0 1.7% 1 (17%) 
no complications 12 (20%) 47 (78 3%) 59 (98 3%) 
total 12 (20%) 48 (80%) 60 (100%) 
(5) Blomquist! 
neurological complications 0 (0%) 4 (14.1%) 4 (14 1%) 
no complications 5 (17%) 20 (68 9%) (14 at 12 h after CPB in 25 (85.9%) 
first group and 6 at 10 h ın the second group) 
total 5 (17%) 24 (83%) 29 (100%) 











Table 7 Correlations of $100 protein levels after CPB and on the first postoperative day with the duration of CPB, circulatory arrest (CA) and with period of 
absent cerebral perfusion (APC).° Durations are expressed as median (range). Duration of absent cerebral perfusion=xturation of circulatory arrest — duration of 


retrograde cerebral perfusion. CPB, cardiopulmonary bypass; NS, not significant 











Correlations of $100 protein 











Directly after CPB On the first post-operative day 
Duration of CPB; 184 (121-386) min r=0 66, NS r=0.31, NS 
Duration of CA, 50 (3-118) min r=0 71, P0.01 r=9.83, PO 01 
Duration of ACP, 26 (3-70) mun r=0 68, NS r=0 88, P<0.01 


S100 protein after CPB with deep circulatory arrest 


Cerebral dysfunction after cardiac surgery and after 
reconstructive surgery involving the aortic arch in particu- 
lar, is a major concern: it can lead to a very long and costly 
rehabilitation period. Serum $100 protein was evaluated in 
10 adults before, during and after reconstructive surgery of 
the thoracic aorta with deep hypothermic arrest.” 
Retrograde cerebral perfusion was used in eight out of the 
10 patients. All patients had an increase in serum S100 
protein levels immediately after CPB, followed by a 
decrease on the first day after surgery. The patient with 
the highest S100 values, both after CPB and 1 day after 
surgery, developed a postoperative stroke, which was 
verified as several frontal cerebral infarctions on CT 
(Table 4). There was a significant correlation with a linear 
relationship between the levels of S100 and the duration of 
circulatory arrest after CPB, with the highest correlation 
seen on the first postoperative day (Table 7). The duration of 
absent cerebral perfusion (the duration of circulatory arrest 
minus the duration of retrograde cerebral perfusion) correl- 
ated significantly with S100 protein level on the first 
postoperative day (Table 7). However, there was no 


Significant correlation between the level of $100 protein 
either immediately after CPB or on the first postoperative 
day and the duration of CPB (Table 7). The highest 
correlation was seen on the first postoperative day, when the 
duration of absent cerebral perfusion was tested against 
serum levels of S100 protein. This indicates that the 
duration of absent cerebral perfusion and circulatory arrest 
are damaging to the brain, despite the use of protective deep 
hypothermia and partial retrograde cerebral perfusion. 
Furthermore, the highest correlation seen on the first 
postoperative day indicates the lasting effect of circulatory 
arrest and periods of absent cerebral perfusion on S100 
protein release. Despite the lack of a significant correlation 
between the duration of CPB and serum levels of S100 
protein, it is difficult to exclude the effect of CPB per se on 
S100 protein (Table 7). The lack of a significant correlation 
might be explained by the greater impact of the duration of 
circulatory arrest on the $100 protein level or by a much 
wider range in the duration of circulatory arrest than in the 
duration of CPB. In a preliminary study by Kumar and 
colleagues“? of four groups of patients (Table 1), the highest 
level of S100 after CPB was found in patients who 
underwent aortic arch surgery with circulatory arrest. 
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Table 8 Number of patients with elevated serum $100 protein, with or 
without an arterial line filter after CPB." CPB, cardiopulmonary bypass 





Number of patients with elevated serum S100 protein 








1h after CPB Shafter CPB 24h after CPB 
(skin closure) 

Filter group 9/20 0/20 0/20 

Non-filter group 14/20 4/20 4/20 


Recently, in a paediatric study, it was found that patients 
who experienced the highest levels of S100 after CPB had 
had cardiac surgery with circulatory arrest." The single 
highest value, 15 pg litre™!, obtained 5 h after CPB, was 
reported in a 3-day-old child in whom epileptic seizures 
developed 24 h after CPB with hypothermic circulatory 
arrest. These studies*>*? suggest a damaging effect of 
total circulatory arrest on the brain during adult and 
paediatric cardiac surgery. 


S100 protein and cerebroprotective innovations 


Two randomized studies have been performed to examine 
the effect of different therapeutic strategies on S100 protein 
after CPB surgery. Taggart and colleagues®® studied the 
level of $100 protein in 40 patients undergoing CABG using 
a membrane oxygenator. Patients were randomly allocated 
to have a 43-um heparin-coated arterial line filter or no 
filtration. Both the magnitude and persistence of S100 
protein release was less in the filter group after CPB (Table 
8). S100 protein was elevated in both groups at skin closure 
after CPB (the median and interquartile range for the non- 
filter group was 0.3 (0-0.55) ug litre! compared to 0 (0- 
0.39) ug litre” in the filter group). In addition, $100 protein 
was still detected in four patients in the non-filter group at 5 
and 24 h after CPB. By contrast, it was not detected in any 
patient in the filter group at the same time points (Table 8). 
This study showed the benefit of arterial line filtration 
during CPB in improving cerebral protection particularly 
in terms of $100 protein release. This improvement may 
be due to a reduction in embolic load in the arterial line 
filter group, as the level of S100 protein appears to be 
correlated with the number of microemboli during CPB.*” 
Furthermore, Pugsley and colleagues™ reported a reduction 
in the incidence of microemboli detected by transcranial 
Doppler sonography when a 40-um arterial line filter was 
used with a bubble oxygenator. More importantly, this 
strategy resulted in a reduction in both neuropsychological 
deficits and neurological injury in the form of a lower 
incidence of drowsiness, incoordination, nystagmus and 
depressed reflexes 24 h after surgery in the filter group 
(eight out of 50 in the filter group vs 19 out of 50 in the non- 
filter group), following cPB.@ 

In the second study, Svenmarker and co-workers® 
randomly allocated 115 patients undergoing CABG to 


have perfusion using either a CPB circuit treated with 
covalent-bonded heparin or a normal system (control 
group). S100 protein increased in both groups after termin- 
ation of CPB, though significantly more in the control group 
(mean (SEM) 1.3 (0.16) pg litre“! vs 0.95 (0.12) ug litre”! in 
the study group (P=0.009)). After 7 h, levels of $100 
declined, but were still higher (P=0.04) in the control group. 
The values of S100 protein on the first and second 
postoperative days did not differ between groups. The 
number of patients with neurological impairment was lower 
in the study group than the control group: one compared to 
nine patients, respectively. It 1s clear that cerebral outcome 
is much better after using a covalent-bonded heparin-treated 
circuit for CPB, and this may be due to reduced complement 
activation and systemic inflammatory responses.®° It 1s also 
clear that both arterial line filtration and a heparin-coated 
CPB circuit reduce, but do not eliminate, cerebral injury 
after CPB. 

In the future, better strategies to reduce or eliminate the 
systemic inflammatory response during CPB need to be 
developed. Additionally, further studies to evaluate the 
effect of these strategies on S100 protein, neurological and 
neuropsychological outcome, need to be performed. 


Conclusions 


$100 protein can be considered an early marker of cerebral 
injury after CPB. As a marker for cerebral damage, it is 
possible that S100 protein will have the potential to 
differentiate between the benefits and adverse effects of 
different perfusion strategies (e.g. choice of temperature, 
pulsatility, pH management) and surgical techniques. 
Furthermore, it can be used for evaluating the therapeutic 
effects of neuroprotective drugs, and with further experi- 
ence, as a prognostic tool for an already existing neuro- 


logical mjury. 
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We investigated the safety of a patlent-maintained system that allows individuals to operate a 
target-controlled infusion of propofol to achieve sedation. Ten healthy volunteers were 
recruited and instructed to try to anaesthetize themselves with the system. A target-controlled 
infusion of propofol was set to delrver a target propofol concentration of | ug mi”', and the 
subjects allowed to Increase the target in Increments of 0.2 Lg mI! by pressing a control but- 
ton twice in | s. There was a lockout time of 2 min and a maximum permitted target concen- 
tration of 3 ug mi~’. Heart rate and pulse oximetry oxygen saturation (Spo,) were monitored 
continuously, and non-invasive arterial pressure, ventilatory frequencies and sedation scores 
were measured every 5 min. Sedation was continued until the subject stopped pressing the but- 
ton. A keyword was then read for the individual to remember and sedation discontinued. 
There were no instances of significant decrease of Spo, or loss of airway control. Maximum 
target blood concentration of propofol recorded ranged from 1.4 to 3 ug m’. Two subjects 
became oversedated, one of whom was unrousable with loss of eyelash reflex. No subject 
could recall the keyword, although one recognized it from a list of 10 words. We conclude 
that the patient-maintained sedation system described could not be guaranteed to produce 
only conscious sedation in all patients, and that close clinical supervision by an anaesthetist 
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would still be required for safe operation. 
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Patient-controlled sedation systems, which administer bolus 
doses of the agent, have been studied by other investigators 
and found to be both an effective’ and popular’ technique for 
patients undergoing surgery under regional anaesthesia, A 
patient-maintained sedation system, which delivers a target- 
controlled infusion of propofol, has also been used success- 
fully to provide sedation for patients undergoing ortho- 
paedic surgery,’ and more recently as an anxiolytic 
premedication for patients undergoing day surgery.* With 
any system in which the patient has control of sedative 
administration, a major concern is safety, as regards the 
depth of sedation that can be achieved and the maintenance 
of cardiorespiratory function. The goal of any patient- 
controlled sedation system should be delivery of conscious 
sedation while operating safely to prevent oversedation. 
Ultimately this safety depends on the appropriateness of the 


staged increase in dose of the sedative drug, the effective- 
ness of the lockout interval in allowing equilibration of the 
drug with the effect site, and the ability of the subject to 
coordinate a successful push of the control button. These 
three elements should function together in a feedback loop to 
prevent oversedation in all situations, including that in 
which individuals might be determined to administer as 
much sedative as possible through repetitive operation of the 
control button. We aimed to test the feedback loop of our 
system, in such a situation, in healthy volunteers who were 
asked to operate the system repetitively in an attempt to 
anaesthetize themselves. 








+This research was presented in part at the Annual Meeting of the 
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Methods and results 


Local Ethics Committee approval for the study and written 
informed consent were obtained from 10 healthy adult 
volunteers, aged 18-40 yr. The exclusion criteria were a 
history of intercurrent disease, cardiorespiratory, renal or 
hepatic dysfunction, psychiatric disorder or mental retard- 
ation, use of any medication with sedative effects or a 
history of anaesthetic problems. The experimental target- 
controlled infusion (TCI) system used for sedation consisted 
of a Graseby 3400 infusion pump, the rate of which was 
controlled by a backbar microprocessor programmed with 
pharmacokinetic data describing the distribution and elim- 
ination of propofol.” By entering the subject’s age and 
weight, and the desired initial blood concentration of 
propofol, the system calculates the initial bolus and variable 
infusion rates to achieve and maintain this concentration as 
given by the pharmacokinetic model, and gives a calculated 
figure for ‘effect site concentration’.© Connection of a 
control button to the backbar enables the subject to increase 
the target blood concentration (Cy) of propofol in incre- 
ments of 0.2 ug mi! by double pressing the button within 
1 s. There is then a lockout period of 2 min during which no 
further increase is possible with a maximum attainable 
target concentration of 3 ug mi’. If no successful presses 
are detected for a period of 6 min, there is a stepped 
reduction in the target concentration to a minimum of 
0.2 ug ml.’ 4 

Before starting the sedation, the subjects were instructed 
in the use of the control button and allowed to get the feel of 
its operation. They were instructed to press the button as 
often as they could in an attempt to anaesthetize themselves. 
Measurement of non-invasive arterial pressure (NIBP), 
heart rate (HR), ventilatory frequency and pulse oximetry 
oxygen saturation (Spo,) were recorded, and a 21G intra- 
venous cannula sited. A target-controlled intravenous 
infusion of propofol (1% with lignocaine 20 mg per 50 ml) 
was started at an initial target concentration of 1 pg mI, 
and time allowed for the calculated effect site concentration, 
as determined and displayed by the system,° to reach within 
0.1 ug mI”? of the set blood target level. The control button 
was then activated and the subject reminded to double press 
it as often as possible. One further verbal encouragement to 
push the button was given during the study period if they 
failed to push it for more than 3 min. 

Heart rate and Spo, were monitored continuously, NIBP, 
ventilatory frequency and sedation score, using a modified 
Steward sedation score, were measured every 5 min 
following the start of sedation. Sedation scores were 
assessed by one of the two authors, who were familiar 
with the assessment and scoring of sedation levels. 
Oversedation was defined as loss of response to verbal 
command. An Spo, <94% or ventilatory frequency <8 were 
considered clinically significant and were to be treated with 
supplementary oxygen. A decrease in baseline NIBP or 


Table 1 Subject charactensncs, sedation scores, maximom target 
concentrations (Cy) and dose of propofol and total sedation time. All values 
given as median (range) or number 





Age 31 (23-40) 
Weight (kg) 71.5 (57-86) 
Sex (m. f) 9:1 
Sedation scores when demands ceased: Number of subjects 
Consciousness . 

4 Fully awake 0 

3 Lightly asleep, spontaneous eye opening 3 

2 Eyes open on command 5 

I Responding to ear pinching 1 

0 Unresponsive 1 

Airway 

3 Opening mouth, cough on command 3 

2 Clear unsupported airway 7 

1 Airway obstructed on neck flexion only 0 

0 Airway obstructed without support 0 

Activity 

2 Raise arm on command 5 

1 No purposeful movement 4 

Q No movement 1 

Maximum Cy propofol (ug mI!) 2.0 (1.4-3.0) 
Time (min) 29.5 (9-46) 
Dose of propofol (ug kg! min“) 88.3 (73.5~142,3) 


HR >30% or HR <50 min” were to be treated as considered 
appropriate by the investigator. 

Any sign of anaesthesia, such as loss of verbal contact or 
loss of eyelash reflex, was recorded. Sedation was discon- 
tinued if the subject became unresponsive or failed to 
double press the control button on three attempts or for a 
period of more than 3 min, if there was loss of airway 
control, pulse oximetry oxygen desaturation below 94% on 
room air, or the target concentration reached the maximum 
level of 3 ug ml’. This was the primary end point at which 
the deepest level of sedation achieved, the greatest predicted 
blood and corresponding ‘effect site concentration’ of 
propofol reached were recorded. At this time a keyword 
was read for the subject to remember. One hour after 
discontinuing the sedation, subjects were asked to repeat the 
keyword. If unable to do so a list of 10 words including the 
keyword was read out and again the subject was asked to 
identify it. 

Ten healthy volunteers were recruited to the study. 
Subject characteristics are shown in Table 1. Maximum 
Steward sedation scores ranged from 2 to 8 with a median of 
5, scores for consciousness, airway and activity at the 
maximum Cr propofol reached are shown in Table 1. Maxi- 
mum Cr propofol reached ranged from 1.4 to 3.0 ug ml 
with a median of 2 ug ml’. The total dose of propofol 
administered ranged from 105 to 351 mg. 

For seven of the subjects, the difference between 
maximum Cr propofol reached and the Cr at which the 
subject first failed to double press the control button were 
within 0.2 ug mil’ (equivalent to one successful press). 
Three of the subjects, who could not coordinate a double 
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press, were still able to single press the control button at the 
maximum sedation. Two subjects did not respond to speech, 
and one was unrousable to painful stimulus, at 1.4 pg ml 
with loss of eyelash reflex. There were no instances of 
significant decrease in Spo, or loss of airway control. 

No subject had automatic recall of the keyword, although 
one, whose lowest score for consciousness score was 3 at the 
maximum Cr propofol of 3 ug ml, recognized it when it 
was read from the list. 


Comment 


Our system functioned to prevent oversedation in 80% of 
the subjects studied, all of whom were actively trying to 
anaesthetize themselves. For these individuals the feedback 
loop provided by the patient control button functioned well. 
The need to double press the button appeared to be an 
important safety factor for three individuals who could not 
coordinate a double press at maximum sedation level. 
However, two subjects became oversedated, with one 
displaying signs of anaesthesia. It is possible that our 
increments of Cr propofol 0.2 pg ml! and 2-min lockout 
time failed to provide an adequate feedback loop. Reducing 
the staged increments in target concentration, and so 
delivery dose, with each successful press and increasing 
lockout time could allow more complete equilibration of 
blood and effect site concentrations of propofol and, 
therefore, could reduce the incidence of oversedation. 

Thorpe and colleagues’ studied 100 patients who were 
asked to anaesthetize themselves with a system delivering 
boluses of propofol with no lockout period. They reported 
an 11% incidence of oversedation with 2% reaching 
unresponsiveness. The total doses of propofol that their 
patients self-administered varied over a fourfold range from 
66 mg to 248 mg. The twofold range of maximum target 
concentrations reached by our volunteers is likely to be a 
combination of the error inherent in estimates of predicted 
blood propofol levels (pharmacokinetic variability) and the 
predictable variability in pharmacodynamic response to 
propofol, reinforcing the need for careful titration of 
sedation according to individual needs. This variability 
makes it difficult to design a foolproof system to prevent 
oversedation. 

For our subjects the motivation to press the control button 
relied entirely on the initial instruction given and one 
reinforcement on their first failure. This repeat instruction 
was given in an attempt to mirror the clinical situation 
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where individuals will respond to heightened stimulation by 
pressing the control button. However, for ethical reasons, it 
is clearly difficult to recreate such surgical conditions and 
we acknowledge that our subjects were not exposed to any 
real clinical stimulation. 

It is interesting that none of the volunteers had spontan- 
eous recall of keywords, indicating that all had reached an 
amnesic level of sedation. Implicit memory could account 
for the recognition of the keyword by one volunteer, 
although this could equally be a chance finding. 

In conclusion, the fact that two individuals became 
oversedated, with one showing signs of anaesthesia, indi- 
cates that, in its existing form, the patient-maintained 
sedation system described could be not guaranteed to 
produce conscious sedation in 100% of subjects instructed 
to attempt to anaesthetize themselves. How accurately this 
would reflect real clinical use may be debated, but we must 
conclude that close clinical supervision by an anaesthetist 
would be required to operate this system safely. However, 
the blood concentration of propofol decreases rapidly when 
the drug infusion is discontinued which would allow rapid 
recovery to a state of conscious sedation for those individ- 
uals who were oversedated. Further investigations looking 
at the effects of altering incremental doses and lockout times 
on improvement of the feedback loop are warranted. 
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We examined the effect of four maintenance anaesthetics on the neuromuscular blocking 
activity and spontaneous recovery characteristics after a short-term Infusion of rapacuronium. 
Eighty ASA Hil adult patients undergoing elective surgery were studied at four centres. 
Anaesthesia was induced with propofol 1.5-2.5 mg kg”! and fentanyl 1-2 ug kg™', followed by a 
bolus of rapacuronium 1.5 mg kg™'. The patients were randomized to receive either desflurane 
(2-4% end-tidal, ET), sevoflurane (0.75~1.5% ET), isoflurane (0.4-0.8% ET), or a propofol 
Infusion (75—150 pg kg min`’) for maintenance of anaesthesia in combination with nitrous 
oxide (60-70%) in oxygen. When the first twitch (T)) of a train-of-four stimulus (using the 
TOF Guard? accelerometer) returned to 5%, an infusion of rapacuronlum was started at 
3 mg kg! h”! and adjusted to maintain T,/Tp at 10%. The duration of infusion lasted between 
45 and 60 min, and the average Infusion rates of rapacuronium were similar in all groups, 
ranging from 1.6 to 2.5 mg kg” h”!. There were no significant differences among the groups in 
the times for T)/Tg to return to 25%, 75% or 90%, or for T./T, to return to 70% and 80% 
upon discontinuation of the infusion. When potent inhalation anaesthetics are used in clinically 
relevant concentrations for maintenance of anaesthesia, the neuromuscular recovery profile of 
rapacuronium administered as a variable-rate infusion for up to I h Is similar to that found with 
a propofol-based anaesthetic technique. 


Br | Anaesth 2000; 85; 302-5 


Keywords: neuromuscular block, rapacuronium; anaesthetics, volatile, desflurane; 
anaesthetics, volatile, sevoflurane; anaesthetics, volatile, isoflurane; anaesthetics I.v., propofol; 
monitoring, acceleromyography 


Accepted for publication: February 15, 2000 


Rapacuronium (ORG 9487) is a new aminosteroidal 
non-depolarizing neuromuscular blocking drug which has 
a rapid onset and short duration of action following an 
i.v. bolus dose.’ In a preliminary study, van den Broek 
and colleagues reported that when a short-term (1 h) 
infusion of rapacuronium was administered during 
isoflurane anaesthesia, its time course of recovery was 
altered from that of a short- to an intermediate-acting 
neuromuscular blocking drug.? However, there are a 
lack of data pertaining to the relative potentiating effect 
of different maintenance anaesthetics on rapacuronium- 
induced blockade. 

Thus, we evaluated the neuromuscular blocking effects 
and spontaneous recovery profile when a continuous 
infusion of rapacuronium was administered during general 
anaesthesia maintained with equipotent concentrations of 


either desflurane, sevoflurane or isoflurane versus propofol 
in combination with nitrous oxide (N20). 


Methods and results 


After obtaining institutional review board approval and 
written informed consent, 80 ASA I-III patients aged 
between 18 and 70 yr, undergoing elective orthopaedic and 


general surgery procedures with an anticipated duration of °. 


at least 2 h, were enrolled at four United States medical 
centres. Exclusion criteria included clinically significant 
hepatic, renal or neuromuscular disease, pregnancy, antici- 
pated difficult intubation, drug therapy known to modify 
neuromuscular blockade (e.g. anticonvulsants, aminoglyco- 
side/polypeptide antibiotics) and those whose body weight 
was 30% above or below their ideal body weight. The 
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investigation was designed as an open-label, parallel-group 
comparative, multicentre study in which patients were 
randomized in groups of 20 at each centre to receive either 
desflurane (n=5), sevoflurane (n=5), isoflurane (n=5) or 
propofol (n=5) in combination with nitrous oxide for 
maintenance of general anaesthesia. 

Midazolam 1-3 mg i.v. was administered for premedica- 
tion 10-15 mun prior to induction of anaesthesia. Non- 
invasive blood pressure, electrocardiogram (ECG) and 
haemoglobin oxygen saturation (Spo,) were monitored. 
Anaesthesia was induced with propofol 1.5-2.5 mg kg™! and 
fentanyl 1-2 ug kg™ i.v.. Mask ventilation with 100% 
oxygen was instituted while the baseline measurements of 
neuromuscular function were obtained using a TOF Guard® 
accelerometer (Organon Teknika NV, Belgium). The TOF 
Guard? electrodes, temperature thermuistor-sensor and 
accelerometric transducer were positioned on the patient’s 
arm prior to induction of anaesthesia, and the arm was 
carefully secured to the operating table armboard during the 
study period in order to obviate inadvertent movements 
which may produce artifactual readings. After obtaining a 
stable T, recording (baseline value), rapacuronium 
1.5 mg kg” was injected over 5 s into a rapidly flowing 
peripheral i.v. line in the opposite arm. The patient was 
intubated within 90 s and mechanical ventilation was 
initiated to maintain the end-tidal (ET) carbon dioxide 
(CO2) at 4.5-5.0 kPa. 

Maintenance of anaesthesia consisted of either desflurane 
(2-4% ET), sevoflurane (0.75-1.5% ET), isoflurane (0.4— 
0.8% ET) or propofol infusion (75-150 ug kg! min™) in 
combination with 60-70% nitrous oxide in oxygen accord- 
ing to a computer-generated randomization scheme. The 
patients received fentanyl 1 ug kg™ and/or labetalol 5- 
10 mg as needed to maintain haemodynamic stability. 
Central (oesophageal) and peripheral (axillary) tempera- 
tures were monitored and maintained above 36.5 °C and 
32.5 °C, respectively, using a forced-air warming blanket. 
All patients received crystalloids (Plasmalyte®), with 
colloids or blood only administered if indicated. 

When T,/To returned to 5%, a continuous infusion of 
rapacuronium was started at 3 mg kg™! h! and adjusted to 
maintain T;/To at 10% for 45—60 min. After discontinuation 
of the rapacuronium infusion, the patients were allowed to 
recover spontaneously until the times for return of T,/To to 
25%, 75% and 90%, as well as the times for return of T,/T, 
to 70% and 80% were recorded, if clinically feasible. If the 
T4/T, ratio was <70% at the end of surgery, a combination 
of neostigmine 50-70 pg kg™ and glycopyrrolate 8- 
10 ug kg™ was administered to reverse residual neuromus- 
cular blockade. 

Based on an earlier study involving a rocuronlum 
infusion,’ an a priori power analysis suggested that a 
sample size of 20 subjects per treatment group would 
provide at least 80% power for detecting a difference of one 
standard deviation in infusion rates between any two 
treatment groups at the P=0.05 significance level. The 


SAS (version 6.09) computer software package used for 
data analysis was run on a VMS operating system. 
Frequency and univariate procedures were used for sum- 
mary statistics, and two-way analyses-of-variance using 
general linear models procedures were used for analysis of 
infusion rates and recovery variables. Data are presented 
as mean (SD), medians or numbers (Table 1), with 
P-values <0.05 considered statistically significant. 

Although 80 patients were enrolled, five were excluded 
from the analysis because of protocol violations at the onset 
of the study, while subsequent violations precluded analysis 
of one patient who received the rapacuronium infusion for 
only 26 min and four patients who received additional 
anaesthetic agents before the end of the rapacurontum 
infusion. There were no significant differences in the patient 
characteristics (Table 1), rapacuronium infusion times 
(group means from 53 to 55 min), total rapacuronium 
dosages (group means from 3.4 to 3.9 mg kg) and 
average rapacuromum maintenance infusion rates to main- 
tain ~90% block (group means from 1.6 to 2.5 mg kg™! h™!) 
among the four anaesthetic groups. The maintenance 
dosages (MAC h’) of the potent inhalation agents were 
similar in the desflurane, sevoflurane and isoflurane groups. 
There were also no statistical differences in the times for 
Tı/To recovery to 25%, 75% and 90%, or for T4/T, to 
recover to 0.7 and 0.8 (Table 1). 


Comment 


In this study, the recovery times after discontinuing the 
infusion of rapacuronium were significantly longer than 
following a single intubating dose of rapacuronium.! These 
findings confirm a previous report which suggested that 
rapacuronium was altered from a short-acting to an 
intermediate-acting neuromuscular blocking drug when 
administered as an infusion.” The apparent pharmaco- 
dynamic change may be explained by the reduced contribu- 
tion of distribution to plasma clearance, as well as the 
accumulation of the 3-desacetyl metabolite of rapacuronium 
(ORG 9488), which has a longer half-life and appears to be 
more potent than the parent compound.* Van den Broek and 
colleagues? demonstrated that a TOF ratio of 0.7 measured 
by mechanomyography (MMG) was attained 38 min after a 
1 h infusion of rapacuronium, which was significantly 
shorter than the times reported ın our study (71-92 min). 
This difference may be related ın part to the less profound 
depth of neuromuscular blockade established in the earlier 
study (83% versus 92%, respectively), and the variations in 
recovery profiles as a result of using acceleromyography 
versus MMG monitoring.’ 

Desflurane, sevoflurane and isoflurane all potentiate the 
neuromuscular blockade produced by non-depolarizing 
neuromuscular blocking drugs,°’ whereas most studies 
have failed to demonstrate potentiation with propofol °° We 
compared these potent inhalation anaesthetics to a propofol 
infusion for maintenance of anaesthesia and no statistically 
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Table 1 Physical characteristics, neuromuscular recovery and mfusion rate data for the four study groups.* Data are expressed as means (SD), medians or 
numbers (n), age, range. ASA, Amenican Society of Anesthesiologists, NA, non-applicable; MAC b™, sum of end-tidal concentration divided by the munmum 
alveolar concentration (MAC) value (adjusted for concomitant use of nitrous oxide and age) multiplied by the duration (h) at that concentration. 
Rapacuronium infusion rate = mean infusion rate of rapacuronium at 40 min after starting the maintenance infusion Recovery mdex=tmte interval between 


recovery of T,/Tp to 25% and 75% *There were no significant differences among the four study groups 








Desflurane Sevoflurane Isoflurane Propofol 

Age (yr) 51 (00-00) 50 (00-00) 47 (00-00) 53 (00-00) 

Height (cm) 168 (11) 167 (12) 166 (10) 171 (9) 

Weight (kg) 70 (15) 80 (20) 72. (16) 78 (20) 

Sex (M/F) 16/4 15/5 14/6 16/4 

ASA (/N/0D MAR 5/123 9/110 3/16/1 

Potent inhaled anaesthetic (MAC h™) 41 (25) 3.8 (2.1) 44 (2.2) NA 

Propofol infusion rate (ug kg™ min) NA NA NA 119 (30) 

Rapacuromum infusion rate (mg kg! b’) 23 (07) (24) 1.6 (0.8) (1.7) 25 (16) (24) 22 (13) (23) 
(n=20) (n=20) (n=19) (n=20) 

Tıme (min) to 

Ty/Tp = 25% 15.3 (12 5) (10 3) 19 9 (22,8) (12 0% 13.3 (7 3) (13.2) 105 (7.7) (7 8) 
(n=19) . (n=20) (n=17) (=20) 

TJ/Tp = 75% 35 6 (17.1) (28.2) 557 (41 8) (444) 44 1 (27.9) (36 1) 32.6 (16.5) (25,8) 
(n=15) (n=14) (n=14) (n=17) 

Ty/Tp = 90% 39.5 (22 9) (30 8) 73,3 (49.5) (79.2) 60.1 (34.6) (56.6) 37.5 (15.9) (32 3) 
(n=11) (n=13) (n=10) (n=14) 

TT; =07 73 0 (24 8) (79 9) 106 7 (340) (115 £) 85 0 (42 5) (82 8) 70.6 (23.4) (68.5) 
(n=10) (n=6) (n=10) (7=13) 

WT = 08 83 4 (30 0) (84 0) 139 5 (36.8) (130 5) 85 4 (42 5) (709) 82 1 (23.6) (85.6) 
(n=8) (n=5) (n=4) (n=11) 

Recovery index (mm) 25.0 (14 3) (24 1) 36.8 (28.6) (34.4) 34 6 (24.0) (26 3) 24 1 (15.0) (19.2) 
(n=15) (n=14) (n=14) (n=17) 








significant differences were found with respect to the 
recovery characteristics following an equi-effective rapa- 
curonum infusion, although the mean values in the 
sevoflurane group did tend to be longer. These results are 
analogous to those of Wuif and colleagues” who 
demonstrated that spontaneous recovery of neuromuscular 
function following rocuronium was similar during 
propofol or volatile-based anaesthesia using a TOF 
Guard® monitor. 

The failure to find any significant differences among the 
four anaesthetic techniques may be attributed to: (i) the 
limited sample sizes especially for the later recovery 
variables (due to the difficulty in accurately predicting the 
need for further muscle relaxation); (ii) the widespread 
disagreement in regard to comparative measurements with 
acceleromyography versus MMG or electromyography 
(EMG); and (iii) the inherent variability resulting from the 
fact that 20 patients were enrolled at each of four different 
medical centres. Most importantly, complete equilibration 
(steady-state conditions) for the anaesthetic agents'° and 
rapacuronium between the muscle and plasma compart- 
ments may not have been achieved during the 45-60 min 
study period. 

In conclusion, when potent inhalation agents are admin- 
istered in clinically relevant concentrations for maintenance 
of anaesthesia, the neuromuscular blocking activity, 
recovery profile and infusion requirements for rapacuro- 
nium (administered as a variable-rate infusion) were similar 
to those observed during. a propofol-based anaesthetic 
technique. Further studies are needed to validate these 
results using other neuromuscular monitoring techniques, a 


more tightly controlled propofol infusion rate and fixed ET 
concentrations of the inhaled agents. 
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We compared the pungency and tolerability of three inhaled anaesthetics in a randomized, 
double-blind study. Eighty-one unpremedicated patients (n=27, each group) inhaled 2 MAC of 
isoflurane (2.3%), desflurane (12%) or sevoflurane (4%) for 60 s from an anaesthetic breathing 
circuit via a mask. Two blinded observers recorded coughing, complaints of burning and irrita- 
tion, and how long the inhalation was tolerated. One sevoflurane patient coughed, but com- 
pleted the study period, whereas I! isoflurane patients and 20 desflurane patients coughed, 
objected verbally or removed the mask forcefully. All sevoflurane, 20 isoflurane and seven des- 
flurane patients completed the study period (average 60, 49 and 33 s, respectively, P<0.05). 
The Irritability grading was: desflurane > isoflurane > sevoflurane (P<0.05). Sevoflurane ıs the 
least irritating agent for inhalation at 2 MAC concentration. 
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Volatile anaesthetics vary in their pungency. This limits 
their use for induction of anaesthesia. We assessed the 
acceptability of equally potent (2 MAC) inhaled concen- 
trations of three commonly used volatile anaesthetic 
vapours. 


Materials and methods 


Eighty-one male patients, requiring or requesting general 
anaesthesia for ther surgical procedure, were included in 
this randomized, double-blind investigation, approved by 
the institutional review board. Patients with signs of active 
or severe pulmonary disease were excluded. Smoking was 
not an exclusion criterion, unless patients were coughing 


frequently or were wheezing. No pre-medication was given. 
Standard monitoring and an intravenous infusion of a 
crystalloid solution were started. A table of random 
numbers was used to assign the anaesthetic vapour. One 
investigator (M.I.G.) primed the anaesthetic circuit and 3- 
litre reservoir bag with vapour and oxygen. To confirm the 
2 MAC concentration in the circuit, a Datex Capnomac gas- 
analyser was used in addition to the Ohmeda respiratory gas 
monitor. Priming was considered to be complete when 
vapour concentrations were identical in both analysers (4%, 
2.3% and 12% for sevoflurane, isoflurane and desflurane, 
respectively) and remained constant for at least 1 min. Two 
observers (M.T. and C.H.) were at the patient’s side, blinded 
to treatment, vaporizers and gas-analysers. 
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Fig 1 Patients who continue to breathe the anaesthetic versus time from the start of the inhalztion 


To ensure a leak-proof fit during the study and 
prevent potential entrainment of room air during the 
study period, a facemask was firmly applied to the 
patient’s face. The patient was then instructed to exhale 
forcefully while the chimney-piece on the mask was 
occluded. If an air-leak existed around the mask, it was 
adjusted until no leak could be detected and held in 
place throughout the 60-s inhalation. 

A Fink non-rebreathing valve! was used in this study to 
ensure a constant inspired concentration throughout the 
study period. It was attached in series to a three-directional 
valve leading to either room air or to the primed breathing 
circuit. At the start of the 60-s study period, the three-way 
valve was turned and the patient was instructed to take a 
single deep breath followed by normal breathing. The 
observers looked for signs of irritation, such as coughing, 
head movement or forceful removal of the mask by the 
patient. During the study period, the patient was asked 
whether he could continue or wanted the mask removed. 
The duration of time the inhalation was tolerated was 
measured by a stopwatch (C.H.). The study period ended 
when the patient expressed unbearable irritation, removed 
the mask, or after 60 s. 


Statistical analysis 


The chi-squared test was used to compare the responses to 
the three vapours. Analysis of variance was used to compare 
the time-of-tolerance. When the F-test of the analysis of 
variance was Statistically significant, Bonferroni multiple 
comparison procedure was performed. A P-value less than 
0.05 was considered statistically significant. 


Results 


There were no obvious systematic differences between the 
patients in the groups. Because this study was performed at 
a Veterans Affairs Hospital, all patients were male. The 
number of smokers in each group was similar (13 in the 
desflurane group, 14 in the isoflurane group and 14 in the 
sevoflurane group). No patient had a history of symptoms of 
COPD, asthma or other pulmonary disease. 

One sevoflurane patient, 11 isoflurane patients and 20 
desflurane patients coughed or objected overtly to inhaling 
the gas mixture (P<0.05). When questioned about burning, 
irritation or other discomfort, none of the sevoflurane 
patients complained, while 12 isoflurane and 21 desflurane 
patients did (P<0.05). 

With time (seconds) as a variable, the means in all groups 
were also significantly different when compared with each 
other (P<0.05). Figure 1 shows how long patients tolerated 
the inhalation and how many completed the 60-s study 
period. 

No correlation could be found between smoking history 
and reaction to the inhalation.. 


Discussion 

A novel approach to rapid induction by mask is the 
inhalation of a single deep breath of high concentration of 
potent vapour. This ‘vital capacity breath technique’ has 
been investigated comparing sevoflurane and isoflurane,”? 
as well as with sevoflurane and halothane* in adults. 
Sevoflurane not only acted more rapidly, but also produced 
an induction with a lower incidence of coughing and ‘better 
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patient acceptance’.??° A different study compared the 
irritative qualities of four vapours at 1 and 2 MAC in 
volunteers. Pungency was graded as isoflurane > 
enflurane > halothane > sevoflurane. Unfortunately, des- 
flurane was not included in this comparison. It has the 
lowest blood-gas partition coefficient, but is associated with 
a high incidence of coughing and irritation.’ ® 

Our results show that during a 60-s inhalation of a2 MAC 
concentration, sevoflurane is the least irritating anaesthetic 
agent. Isoflurane is more irritating than sevoflurane, but less 
so than desflurane, which seems to be unacceptably 
pungent. Most patients (20 out of 27) objected strongly to 
the inhalation. 

A positive smoking history had no significant effect on 
the incidence of patient complaints. This may have been due 
to patient selection, as patients with respiratory symptoms 
were excluded from this study. 

There are some limitations to our study. A 60-s time 
period was arbitrarily chosen, because we only sought to 
compare the initial irritability of the vapours. We think it is 
significant that some patients (seven receiving isoflurane, 20 
receiving desflurane, respectively) did not tolerate even 60 s 
of exposure. We observed that very few patients lost 
consciousness after a single breath or within the 60-s time 
period. This needs further evaluation. 

Second, the MAC concentration (and its multiple) 
represents equipotency based upon the response to a 
standardized surgical incision. It may not represent 
equipotency for airway irritability. Two MAC of desflurane 
should perhaps be compared with a higher concentration of 
isoflurane and sevoflurane. Equipotency ın pungency 
remains conjectural. 

Third, modern anaesthesia delivery systems use semi- 
closed circle systems, which may not be simulated exactly 
by a non-rebreathing valve. However, this valve allows 
delivery of only the anaesthetic mixture, the composition 


of which can be maintained precisely.” 1° The purpose of 
its use was merely to deliver a constant anaesthetic 
concentration. 

We conclude that, at the 2 MAC concentration, 
sevoflurane is significantly less irritating to the airways 
than isoflurane, and both are significantly less irritating than 
desflurane. Sevoflurane seems to be the best agent for rapid 
induction of general anaesthesia by mask. 
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Water vapour in a closed anaesthesia circuit reduces degradation/ 


adsorption of halothane by dried soda lime 
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Dry lime causes a loss of volatile anaesthetics by degrading and adsorbing them. Degradation 
produces toxic substances and heat. Rehydration of lime stops degradation. If humidified 
breathing gases rehydrate lime, closed anaesthesia-circults may reduce the loss of anaesthetics. 
To test this hypothesis we ventilated a reservoir bag with PhysloFlex®-devices using fresh (F) 
and dried (D) soda lime both in the presence (+H) and absance (—H) of halothane. We meas- 
ured halothane delivery, humidity, temperature, and lime welght. Halothane was lost for [3 
min in D+H. Humidity increased steeper with fresh lime, whereas absorbent weight Increased 
more with dried lime; halothane increased both variables (FH: 99%, 8 g; F-H: 93%, 6 g; D+H: 
58%, I7 g D-H: 24%, 15 g). Surprisingly, temperature remained constant, probably because of 
the high gas flow (70 litres min™') generated inside the Physloflex®. These findings Indicate 
rehydration of dried lime by humid gases and a rapid cessation of the loss of halothane In the 


PhysloFlex®. 
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Fresh carbon dioxide absorbents (soda lime and Baralyme®) 
contain about 12—17% of water.’ Various situations result 
in unnoticed drying of lime?? which may be harmful since 
dried lime degrades volatile anaesthetics to toxic products 
(e.g. carbon monoxide).’* Additionally, degradation pro- 
duces heat that may be deleterious to the airways.” 
Rehydration of dried lime abolishes these effects.’ ? 

Humidification of breathing gases, which is best in 
closed-circuits may lead to fast rehydration of dried lime. 
Therefore, we hypothesized that the PhysioFlex® closed- 
circuit anaesthesia machine reduces degradation of volatile 
anaesthetics by dried soda lime. This machine generates a 
high gas flow inside the circuit to homogenize the gas 
components and to prevent rebreathing of expired gas.“ This 
gas flow may promote heat transfer from the absorbent to 
the patient, increasing the risk of airway injury. We also 
tested if, as assumed elsewhere,’ the degradation of 
halothane liberates water. 


Methods and results 


To study how the loss of halothane from the PhysioFlex® is 
influenced by the lime’s water content, we used either fresh 
(F+H, n=4) or dried (D+H, n=4) soda lime (Draegersorb 
800, Draeger, Lübeck, Germany). It was dried by passing 


oxygen (10 litres min`’) through an absorbent-packed 
cylinder until the repeatedly measured weight (scale type 
16410; Maul, Bad König, Germany) of the cylinder was 
constant. Then, an oxygen flow of 1 litres min™ was used to 
keep the lime dry. 

The PhysioFlex® has been described in detail pre- 
viously.* It is a closed-circuit anaesthesia machine that 
delivers the chosen volatile anaesthetic with end-expiratory 
anaesthetic concentration as the feedback-controlled vari- 
able. (With feedback control of the inspiratory concentra- 
tion the machine works as a semi-closed circuit. This would 
have been inappropriate for our purpose.) Whenever the 
anaesthetic concentration (measured by infrared spectro- 
scopy) is lower than set, liquid anaesthetic is injected into 
the circuit. Thus, the amount of anaesthetic that is necessary 
to reach and maintain the set concentration can be 
quantified. Because degradation and adsorption of the 
volatile anaesthetic will increase anaesthetic delivery by 
lowering the measured anaesthetic concentrations, we 
expected a difference in anaesthetic delivery between our 
F+H- and D+H-experiments, i.e. a loss of anaesthetic 
from the gaseous phase of the system. As the PhysioFlex® 
removes surplus volatile anaesthetic in a built-in charcoal 
filter, we removed the charcoal to avoid interference with 
our measurements. 
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The circuit was dried to 5-8% humidity during 2-3 h with 
siliceous earth, a strongly hygroscopic agent (Caesar & 
Lorentz, Hilden, Germany). From the start of the drying 
procedure until the end of each experiment, the PhysioFlex® 
ventilated a 3 litre reservoir bag (tidal volume 700 ml, 
respiratory rate 9 min’, positive end-expiratory pressure 0 
cmH.0, 30% oxygen in air). 

After drying of the PhysioFlex®, we exchanged the 
siliceous earth with the absorbent sample to be studied 
without opening the circuit, took baseline measurements, 
and started carbon dioxide supply (200 ml min’. (The 
PhysioFlex® has two absorbent containers, one of which can 
be selectively bypassed. This allows the introduction of an 
absorbent sample without opening the circuit.) Carbon 
dioxide absorption contributes essentially to the rehydration 
of dried lime by producing water. Thereafter, we set an end- 
expiratory halothane concentration (Hale) of 2.0 vol% in 
the respective experiments and maintained this concentra- 
tion until the end of the experiments (40 min). We measured 
continuously halothane delivery (PhysioFlex®), humidity, 
and temperature (Hygrotest 6200, Testotherm, Lenzkirch, 
Germany) insıde the inspiratory limb of the circuit. 
Absorbent was weighed before and after each experiment. 

All data are shown as median (range). 

Substantial amounts of halothane were lost in the initial 
phase of the D+H experiments (stars in Fig. 1A). The median 
difference in the delivery of liquid halothane between D+H 
and F+H experiments was 1.96 ml after 6 min, peaked at 
2.20 ml after 13 min and then decreased continuously to 
1.59 ml. With D+H, the time to attain the set Hales was 
increased about 4-fold (D+H, 7 (6-9) min; F+H, 2 (1-2) 
min), the corresponding halothane dose was more than 
doubled (D+H, 3.9 (3.6-4.1) ml; F+H, 1.7 (1.2-1.7) ml) 
compared with F+H. However, to maintain Hale less 
halothane was delivered in the D+H experiments. Of note, 
the end of halothane loss coincided with humidity exceeding 
20% during the D+H experiments. These findings indicate a 
substantial loss of halothane by dried lime in the initial 
minutes. However, about 30% (0.61 ml liquid halothane) of 
lost anaesthetic reappeared during the later course of the 
experiment. 

These experiments were compared to experiments with- 
out halothane (F-H n=3; D-H, n=3) to determine if 
halothane influences the time course of the measured 
variables. The initial relative humidity and carbon dioxide 
supply was comparable in all experiments. We found 
considerable differences in the time course of humidity 
changes between the groups. Humidity increased steeply 
and approached 100% during the F experiments, whereas it 
remained below 70% (D+H) and 30% (D-H) after an initial 
decrease. The presence of halothane always accelerated 
humidification (Fig. 1B). The increase in absorbent weight 
was 17 (14-20) g for D+H, 15 (12-18) g for D-H, 8 (6-9) g 
for F+H and 6 (6-6) g for F-H. These results indicate that 
dried lime is rehydrated at the expense of humidification of 
the breathing gases and that water is liberated during 
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Fig 1 Time course of halothane delivery, loss of halothane and relative 
humidity inside the PhysioFlex®, Data presented as median (range) (A) 
Halothane delivery was considerably higher when dried lime (n=4) was 
used compared to fresh lime (n=4). The difference between fresh lume 
and dned lime experiments, ie the loss of halothane increased steeply 
during the first 6 min, peaked after 13 mim and decreased again after this 
peak (B) Relatrve humidity increased much steeper when fresh lime was 
used (halothane, n=4, without halothane, m=3) than dunng the 
expenments with dried lume (halothane, n=4; without halothane, m=3) 
Note that the increase of humidity was preceded by a small decrease at 
the beginning of the experiments with dred lume. The presence of 
halothane increased relative humidity compared to experiments without 
halothane. 


degradation and/or adsorption of halothane. Temperature 
remained constant during all experiments. 


Comments 


We have shown for the first time that the loss of halothane 
caused by dried soda lime ceases rapidly in the PhysioFlex® 
and that dried lime is rehydrated at the expense of the 
humidification of the breathing gases. Although degradation 
of halothane produces heat, temperature inside the inspira- 
tory limb did not increase. 


309 


Schindler et al 


The loss of halothane which resulted from degradation 
and adsorption by dried soda lime! °$ ô decreased by 0.61 ml 
after the 13th minute of our experiments without reaching a 
plateau (Fig. 1A). Thus, at least 27% of the lost anaesthetic 
was not degraded. It was first adsorbed in the molecular 
sieve of the dried lime and then replaced by water that 
rehydrated the absorbent.'? Rehydration of dried lime by 
water vapour is generally possible, as proven by the 
increasing absorbent weight and initially decreasing humid- 
ity in our D+H and D-H experiments. The loss of halothane 
ceased more rapidly when humidity exceeded 20% and an 
initial humidity of 20% prevented any loss of halothane in 
similar experrments (data not shown). Thus, a relative 
humidity of 20% inside the circuit seems to prevent 
degradation of halothane and this threshold is rapidly 
reached in the PhysioFlex®. Hence, for the PhysioFlex® we 
can contradict the assumption that water vapour may not 
suffice to rehydrate dried lime during a short period.' 

The decreasing loss of halothane could be explained if 
halothane concentration was overestimated due to overlap- 
ping infrared spectra of halothane and its degradation 
products. However, with 1.3 vol% of halothane upstream of 
an absorber filled with dry soda lime, infrared spectroscopy 
failed to detect halothane downstream of this absorber for 
more than 10 min,’ excluding overlapping spectra. 
Moreover, if we had used isoflurane or enflurane, overlap- 
ping spectra may have been feigned and anaesthetic 
delivery would have differed less, because these two 
anaesthetics are degraded only partially. Therefore, 
halothane was the best choice for our experiments. (None 
of the PhysioFlex® used in this study contained sevoflurane 
or desflurane.) 

As discussed above, the cessation of the loss of halothane 
indicates that the degradation and adsorption of halothane 
are reduced at this tıme. In a semi-closed anaesthesia circuit 
carbon dioxide production peaked 10-15 min after dried 
Baralyme® started to degrade desflurane." This time point 
also indicates a reduction in anaesthetic degradation. 
Therefore, degradation seems to be reduced twice as fast 
in the PhysioFlex® than in semi-closed circuits. One 
possible reason for this is the faster humidification of 
breathing gases in closed compared to semi-closed circuits, 
resulting in faster rehydration of dried lime. 


Temperature remained constant inside the inspiratory 
limb of the circuit during our experiments. Thus, although 
degradation of volatile anaesthetics excessively produces 
heat”? and although heat transfer could be promoted by the 
high internal gas flow inside the PhysioFlex®,* thermal 
injury of the patient’s airway is unlikely to occur with this 
device. This is likely to occur as a result of the high gas flow 
cooling the lime and interrupting the vicious circle of a heat- 
boostered exothermic reaction.! 

Baralyme® also degrades volatile anaesthetics, but it was 
not used because the two limes contain similar amounts of 
alkali hydroxides—the crucial components for degradation 
of volatile anaesthetics—and no qualitative differences 
between the two limes have been reported concerning 
anaesthetic degradation.’ Thus, our results may predict the 
situation with Baralyme®. 

In conclusion, dried soda lime causes a loss of halothane 
that ceases rapidly within the PhysioFlex® because of rapid 
humidification of the dried lime. Furthermore, thermal 
injury of the patient’s airway is unlikely to occur with this 
device. 
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We performed a randomized controlled trial of the effect of intravenous fluld preload on 
maternal hypotension and fetal heart rate (FHR) changes In labour after the first epidural injec- 
tion. Group | (49 women) received | litre of crystalloid preload. Group 2 (46 women) 
received no preload. No statistically significant difference was shown between the two groups 
for either of the outcomes. Hypotension was found In three women in group Í and five In 
group 2 (P=0.4). Deterioration in FHR pattern was found in four women In group | and [1 in 
group 2 (P=0.08). This study has not shown a significant increase in the Incidence of hypoten- 
sion when intravenous preload is omitted before epidural analgesia using a low concentration 
of bupivacaine during labour. Because of the clinical importance of the difference in the rate of 
FHR deterioration between the two groups, we continue to administer preload for high-risk 


cases. 
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In 1978, Collins and colleagues’ demonstrated a signifi- 
cant reduction in maternal hypotension and fetal heart 
rate (FHR) changes when 1 litre of Hartmann’s solution 
was given intravenously as a preload before epidural 
analgesia with bupivacaine 0.375%. Epidural analgesia is 
now usually initiated with weaker solutions of local 
anaesthetic, which may produce less hypotension, so 
preloading may be unnecessary. We have investigated 
this hypothesis. 


Methods and results 


The study was approved by the United Bristol Healthcare 
Trust Medical Ethics Committee. Healthy labouring women 
with a singleton cephalic fetus and cervical dilatation <8 
cm and requesting epidural analgesia were eligible. Women 
with hypertension, body mass >100 kg or fetal distress were 
excluded. 

The size of the study was based on that of Collins and 
colleagues,’ who studied 104 women. We recruited 100 
women. Verbal consent for the study was gained after 
informing the women about epidural analgesia. 


Intravenous access was obtained using a 14 G cannula. 
Allocation to one of two groups was determined on the basis 
of a computer-generated list. In group 1, 1 litre of 
Hartmann’s solution was infused rapidly before the epidural 
test dose. In group 2, the infusion was run at the slowest 
possible speed. 

The cuff of an automatic blood pressure instrument 
(Dinamap; Johnson & Johnson, Ascot, UK) was placed on 
the left arm, and two baseline readings of systolic and 
diastolic pressure were taken between uterine contractions 
with the subject in the left lateral position. FHR was 
monitored continuously with an external ultrasonic trans- 
ducer and recorded on a paper printout. 

Fifteen millilitres of 0.1 or 0.2% bupivacaine containing 
fentanyl 50 ug was used to achieve analgesia. Bupivacaine 
0.1% was usually used if the cervical dilatation was less 
than 5 cm, otherwise the 0.2% concentration was given. 
When the epidural catheter was in place, a test dose of either 
8 ml of 0.1% or 4 ml of 0.2% solution was given. If there 
were no adverse effects after 5 min, the remainder of the 15 
ml was injected. Blood pressure was measured between 
uterine contractions every 5 min for 30 min after the test 
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Table 1 Hypotension and FHR changes after epidural compared with before the block was established. No significant differences were found when 
comparing group 1 versus group 2 or bupivacaine 0.1 versus 0.2%. (NB. If the FHR was abnormel before the epidural and after ıt, this would be registered as 


no change) 
Group 1: preload 

Bupivacaine 0.1% 0.2% 
No hypotension 31 15 
Hypotension 2 1 
Total 33 16 
FHR 

Improved 0 0 

No change 24 8 

Deteriorated 2 2 
Total 26 10 


dose. If the woman turned over during this period, the 
blood-pressure cuff was transferred to the dependent arm.” 

Hypotension was defined as a decrease, in the 30 min 
after the test dose, of greater than 20% from the lowest 
baseline systolic pressure. The baseline FHR trace was 
defined as the 30 min before the test dose, and FHR was then 
recorded for 60 min after the test dose. Traces were analysed 
and classified as normal, suspicious or abnormal, according 
to the scheme proposed by Steer and Danielian,? by an 
obstetrician (MSM) blinded to whether the patient had 
received preload. 

Statistical analysis was performed using the Mann- 
Whitney test, the chi-squared test, Fisher’s exact test or 
the t-test to compare physical and obstetric characteristics, 
the concentration of bupivacaine used, blood pressure 
changes and the FHR pattern. A probability of P<0.05 
was taken as statistically significant. 

Of the 100 women recruited, 51 were assigned to the 
preload group and 49 to the no-preload group. One woman 
from each group was excluded during the study. One had a 
placental abruption and Caesarean section, and the other 
delivered vaginally. One woman in group 1 and two in 
group 2 were excluded after completion of the study, as they 
were found to have had abnormal baseline FHR patterns 
before the epidural. Analysis was performed on a total of 49 
women in the preload group and 46 in the no-preload group. 

There was no difference in age, height, weight, parity and 
cervical dilation between the two groups. Hypotension 
occurred in three women in group 1 and five women in 
group 2 (Table 1; P=0.4). Hypotension was treated easily in 
all except for one woman in group 2. She had several 
episodes of hypotension for the first 40 min after starting the 
epidural despite treatment with 1.5 litre of Hartmann’s 
solution and ephedrine 15 mg. 

After the epidural, in group 1 the FHR pattern was normal 
in 32 women, suspicious in eight women and abnormal in 
one woman; in group 2 the FHR pattern was normal in 24 
women, suspicious in 14 and abnormal in two. There were 
no differences between the two groups with respect to the 
number of parturients with suspicious or abnormal traces 
after the epidural (P=0.21). 


Group 2: no preload 


All 0.1% 0.2% All 
46 24 17 41 
3 3 2 5 
49 27 19 46 
0 1 0 1 
32 16 8 24 
4 7 4 1k 
36 24 12 


FHR data were also investigated to detect any change 
from before to after the epidural. Deterioration occurred if a 
normal trace became suspicious or abnormal, or if a 
suspicious trace became abnormal. Data from both before 
and after the epidural were available for only 72 women. 
There was no statistically significant difference between the 
two groups in FHR deterioration (Table 1; P=0.08). 

Hypotension and FHR deterioration occurred with similar 
frequencies in women who received 0.1 or 0.2% bupiva- 
caine. 


Discussion 

Collins and colleagues showed a 2% incidence of hypoten- 
sion in women who had a 1-litre preload versus 28% in a no- 
preload control group (P=0.005).’ Using the same defin- 
ition, we found hypotension in 6% of women who had a 1- 
litre preload and 10% of women with no preload. The 
difference between groups was not statistically significant. 
Although the investigator was not blinded as to which group 
the woman belonged to, the use of automated blood pressure 
recording in our study minimized observer bias. 

A power analysis of our results showed that 1530 women 
would have had to be included in a study to determine 
whether preloading reduces hypotension, with a power of 
0.9 and significance level of 0.05. Given that hypotension is 
infrequent, usually not severe and easily treated, such a 
study does not seem to be indicated. 

Collins and colleagues’ demonstrated a significant pro- 
tective effect of preloading on the risk of FHR abnormalities 
after epidural. These occurred in 12% of preloaded women 
versus 34% with no preload. We did not show a statistically 
significant increase in the risk of a deterioration in FHR 
pattern when preloading was omitted. However, our pro- 
portion of cases (11 and 30%) was similar to that of Collins 
and colleagues.’ Twenty-three women had FHR traces that 
were inadequate for interpretation, reducing the power of 
our trial to demonstrate a significant difference between the 
two groups. On the basis of our results, we would have to 
study 200 women to demonstrate a real difference in FHR 
deterioration with a power of 0.9 and significance of 0.05. 
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Early studies suggested a link between maternal hypoten- 
sion after the use of labour epidurals and FHR abnormal- 
ities, but women were managed supine, leading to 
aortocaval compression.*° More recently, Collins and 
colleagues’ and Palmer and colleagues® did not find a 
relationship between hypotension and FHR abnormalities. 
Only one of the women in the present study who developed 
hypotension had a worsening FHR pattern. 

The manner in which preloading might protect against 
FHR changes is not clear. Steiger and Nageotte’ found that 
an increase in uterine baseline tone and contraction 
frequency after epidural analgesia, rather than hypotension, 
was associated with subsequent FHR abnormalities. As 
Cheek and colleagues® demonstrated a reduction in uterine 
contraction frequency after a 1-litre preload, the adminis- 
tration of a preload might balance a tendency towards an 
increase in contractility of the uterus. after regional 
analgesia. 

The clinical importance of the majority of FHR changes 
after epidural block is also uncertain. Although the method 
of FHR analysis used by Collins and colleagues’ is not 
directly comparable with that which we used,’ very few 
cases from either group in their study had unquestionably 
pathological features. We found only one abnormal trace in 
our preload group and two in the no-preload group. Spencer 
and colleagues” noted that the use of epidural analgesia was 
associated with an increased rate of FHR abnormalities, but 
not with fetal acidosis. 

In summary, we found that omitting intravenous fluid 
loading before epidural analgesia in normotensive labouring 
women did not increase the incidence of hypotension 
significantly compared with women given a 1-litre preload. 
However, fluid administration before epidural may protect 
against FHR deterioration, possibly through a transient 
tocolytic action. Until further data are available, we suggest 
that intravenous preloading is used before epidural anal- 


gesia in labour when there is suspected or actual fetal 
compromise. 
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Prospective evaluation of deep topical fornix nerve block versus 
peribulbar nerve block in patients undergoing cataract surgery 
using phacoemulsification 
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We compared the efficacy of deep topical fornix nerve block anaesthesia (OTFNBA) versus 
peribulbar nerve block in patients undergoing cataract surgery using phacoemulsification. We 
studied 120 patients, allocated randomly to two groups. Group | (n=60) received peribulbar 
block with 5 ml of a I:1 mixture of 0.5% plain bupivacaine and 2% lidocaine supplemented with 
hyaluronidase 300 l.u. mI” ' Group 2 received DTFNBA with placement of a sponge soaked 
with 0.5% bupivacaine deep into the conjunctival fornices for [5 min. No sedation was given to 
either group. Analgesia was assessed by the reaction to insertion of the superior rectus suture 
and by questioning during the procedure. A three-point scoring system was used (no pain=0, 
discomfort=1, paln=2). Scoring was repeated at keratotomy, hydrodissection and hydrodelinea- 
tion, phacoemulsification, irrigation and aspiration, and at intraocular lens Insertion. If the 
patient’s pain score was 0 or |, no further action was taken. If the pain score at any stage of 
the operation was 2, Intracameral injection of 1% preservative-free lidocaine was given. One 
patient In Group 2 needed intracameral lidocaine at the stage of phacoemulstfication (P>0.05) 
and four experienced discomfort at irrigation and aspiration (P=0.043). We conclude that 
DTFNBA may be a useful needle-free anaesthetic technique in patients undergoing cataract 


surgery using phacoemulsification. 
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General anaesthesia is hazardous in a large number of 
patients undergoing ophthalmic surgery, as many of 
them are elderly with multisystem disease. For diabetic 
patients, local anaesthesia is preferable as it reduces, to 
a great extent, the endocrine response to surgery.’ 
Peribulbar block is becoming increasingly popular, as it 
is safer than retrobulbar block.” However, insertion of a 
needle near the eye is associated with the necessity to 
stop anticoagulant therapy, introduces the risk of retro- 
bulbar bleeding and potential perforation of the globe. 
Such risks may necessitate the use of topical anaesthe- 
sia, although this is unusual. The use of deep topical 
fornix-applied nerve block anaesthesia has been reported 
in cataract surgery by Rosenthal.’ It involves placement 
of local anaesthetic into the conjunctival fornices, from 
which the local anaesthetic diffuses across the con- 
junctiva into the peribulbar space and into the scleral 
nerves behind the eyes. In this study, we compared deep 
topical fornix nerve block anaesthesia (DTFNBA) with 


peribulbar nerve block in patients undergoing cataract 
surgery using phacoemulsification. 


Methods and results 


One hundred and twenty patients scheduled for elective 
intraocular surgery were enrolled in the study after we bad 
obtained approval from the institutional ethics committee 
and patient consent. All patients had been assessed as 
suitable for a regional block technique and were unpreme- 
dicated. Patients were allocated randomly to one of two 
groups (closed envelope method). Group 1 (7=60) received 
peribulbar block. Group 2 (n=60) received DIFNBA.? The 
axial length (the distance from the cornea to the retina) is 
usually measured as part of the ophthalmic assessment using 
the axial length scanner. If the axial length is 26 mm or 
longer, the globe is elongated.* These patients were omitted 
from the study, as the risk of globe perforation if peribulbar 
block is used is greater. 
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Deep topical formx nerve block versus peribulbar nerve block using phacoemulsification in cataract surgery 


Before the block, a peripheral vein was cannulated and 
heart rate, oxygen saturation and non-invasive arterial blood 
pressure were monitored. In both groups, the conjunctival 
fornices were anaesthetized with local anaesthetic drops 
(oxybuprocaine 0.4%) before the block was started. 

Peribulbar block was performed with a 5 ml syringe and a 
25 gauge, 25 mm long disposable needle using a single 
inferotemporal injection®® with 5 ml of a 1:1 mixture of 
0.5% plain bupivacaine and 2% plain lidocaine supple- 
mented with hyaluronidase 300 i.u. m". With the gaze 
fixed straight ahead in the primary position, the injection 
site was identified at the junction of the lateral one-third and 
medial two-thirds of the inferior orbital rim. The direction 
of the needle was slightly medial and cephalad. The local 
anaesthetic was injected slowly over a period of 1 min. 
DTFNBA was performed using two sponges (2X3 cm) 
soaked with 0.5% bupivacaine, applied deep into the 
conjunctival fornices.? The sponges were removed after 
15 min. The surface anaesthetic effect was tested by 
grasping the limbus with Castroviejo 0.12 tissue forceps. A 
simple pain scoring system was used: no pain=0, discom- 
fort=1, pain=2. The scoring was done at different stages of 
surgery: insertion of the superior rectus suture; keratotomy; 
hydrodissection and hydrodelineation; phacoemulsification; 
irrigation and aspiration; and intraocular lens insertion. If 
the pain score was 0 or 1, no further management was 
required. If the pain score was 2 at any stage of the 
operation, intracameral injection of 1% preservative-free 
lidocaine was given. 

Parametric data were analysed using Student’s t-test; 
non-parametric data were compared using the Mann- 
Whitney test. A P value of <0.05 was considered statistic- 
ally significant. 


Table 1 Patient characteristics. Values are mean (SD) and age, range 


Group 1 Perfbulbar block 


Men/women 20/40 
Age (yr) 74 (10) 
Weight (kg) 64 (11.4) 
ASAI , , 10 

ASA TI 30 

ASA III 20 


There was no significant difference between the patient 
characteristics of the two groups (Table 1). 

In Group 1, no patient experienced discomfort or pain at 
any stage of the operation. In Group 2, one patient 
experienced discomfort at the superior rectus suture, 
keratotomy, hydrodissection and hydrodelineation and 
phacoemulsification (P>0.05), and four patients experi- 
enced discomfort at irrigation and aspiration (P=0.043). At 
the stage of intraocular lens insertion, three patients in 
Group 2 experienced discomfort (P>0.05). In the only 
patient who experienced pain at the time of phacoemulsi- 
fication, intracameral injection of 1% preservative-free 
lidocaine was applied. 

The numbers of patients in each group with different pain 
scores at each stage of surgery are shown in Table 2. 


Comment 


Peribulbar block has gained popularity over the last few 
years, as it is safer than the traditional retrobulbar block.?4 
In peribulbar block the needle tip remains outside the 
muscle cone, and thus the complications of retrobulbar 
block are avoided. However, peribulbar block has its own 
complications. Brain stem anaesthesia resulting from 
subarachnoid injection can occur if the peribulbar needle 
is inadvertently placed in the retrobulbar space. This is 
unlikely with a 25 gauge, 25 mm long needle. Extraocular 
muscle paresis can occur if local anaesthetic is injected 
directly into the muscle, or the needle may puncture a 
superficial vessel, causing conjunctival haemorrhage. The 
incidence of scleral perforation is higher with retrobulbar 
blocks. However, it has been reported with peribulbar block, 
especially if the axial length is more than 26 mm.* These 





31 
20 


Table 2 Numbers of patients in relation to pain score at different stages of the operation. Data were analysed using the Mann-Whitney test *P = 0043 





between groups 

Group 1 Peribulbar block Group 2 DTFNBA 

No pain Discomfort Pain No pain Discomfort Pam 
Supenor rectus suture 60 0 0 59 1 0 
Keratotomy 60 0 0 59 1 0 
Hydrodissection and hydrodelineation 60 0 0 59 I 0 
Phacoemulsification 60 0 0 58 1 1 
Irrigation and agpiration 60 0 0 36 4* 0 
Intraocular lens insertion 60 0 0 57 3 0 
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complications are avoided with the use of DIFNBA, yet a 
good quality of analgesia is maintained. Rosenthal? has 
postulated that placement of local anaesthetic into the 
fornices allows absorption by the nerve trunks subserving 
the conjunctiva as they radiate across it. At the same time, 
by being absorbed posteriorly into the peribulbar space (and 
possibly transconally into the retrobulbar space), the 
posterior ciliary nerves, which supply the anterior sclera, 
anterior conjunctiva and limbus as well as the iris and ciliary 
body, are anaesthetized at their nerve roots.’ 

Each time a needle is introduced into the orbit there is a 
small but definite risk of complications. In this study, it has 
been shown that the use of DTFNBA offers analgesia 
comparable to that given by peribulbar block. Additional 
local analgesia may be required during lens irrigation and 
aspiration as there is significant patient discomfort at this 
stage of surgery. However, there is no akinesia with 
DTFNBA. This method is therefore not suitable for cataract 
surgery using extracapsular lens extraction; it is suitable 
only for surgery using phacoemulsification. The surgeon 
must be experienced with this type of surgery, as surgery is 
more difficult without akinesia. We conclude that DTFNBA 
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is suitable for patients on anticoagulants and those who will 
not accept the use of injections around the eye. We 
recommend DTFNBA for patients undergoing cataract 
surgery using phacoemulsification. 


References 


Barker JP, Robinson PN, Vafidis GC, Hart GR, Sapsed-Byme S, 
Hall GM. Local analgesia prevents the cortisol and glycaemic 
responses to cataract surgery. Br J Anaesth 1990; 64: 442-5 
Davis DB, Mandel MR. Posterior peribulbar block: an alternative 
to retrobulbar anaesthesia. J Cataract Refract Surg 1986; 12: 182-- 
5 

‘Rosenthal KJ. Deep topical fornix nerve block anaesthesia. J 
Cataract Refract Surg 1995; 21: 499-503 

Duker JS, Belmon JB, Benson WE, et al. Inadvertent globe 
perforation during retrobulbar and peribulbar anaesthesia: 
patient characteristics, surgical management and visual 
outcome. Ophthalmology 1991; 98: 519-26 

Apel A, Woodward R. Single Injection peribulbar local 
anaesthesia. Aust NZ J Ophthal 1991; 19: 149-53 

6 Azz ES. Penbulbar block using a single Inferotemporal infection 
technique with high dose hyaluronidase. Egypt j Anaesth 1997; 31: 
85-90 


N 


ww 


a 


Ww 


British Journal of Anaesthesia 85 (2): 317-21 (2000) 





CASE REPORTS 





Implications of a tracheal bronchus for adult anaesthetic practice 
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The problems posed by tracheal intubation in the presence of a tracheal bronchus in adults are 
exemplified with three case histories. The anomaly has been categorized into three types on 
the basis of its potential to cause problems when attempting intubation. Suggestions are given 
for ways of securing the airway that are safe and less likely to result in obstruction and 


hypoxia. 
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The presence of a congenital anomaly of the central airway 
can be of significance to anaesthetists. The commonest 
anomaly is a tracheal bronchus that supplies the right upper 
lobe and which is reported to be present in 0.1-3% of the 
population.'? In its most severe manifestation, a carina 
arises at mid-tracheal level. These usually present in 
childhood, sometimes surprisingly late, having been mis- 
diagnosed as asthma, as the presenting symptoms may be 
wheeze or stridor. In adults, a variant is more common and 
is experienced as a spectrum of abnormalities ranging from 
a smali but distinct bronchus connected to the lower third of 
the trachea to a bronchus that arises from the trachea at the 
level of the carina (carinal trifurcation) and just proximal to 
the normal origin of the right main bronchus. Arbitrarily, 
these have been classified as Types I, H and IH (Fig. 1), for 
ease of description and significance to anaesthetists, and are 
illustrated here with individual case reports. Type I is 
largely of importance to those who may have to anaesthetize 
children; Type II abnormalities can potentially be ob- 
structed by a normal tracheal tube; and Type III, similar to 
Type Il, presents problems when one-lung ventilation 
(OLV), particularly of the right lung, is contemplated. 


Case 1 (Type I) 


In 1985, a 21-yr-old male presented for construction of an 
aorto-pulmonary window and re-anastomosis of collaterals 
to help relieve some of the hypoxia stemming from 
pulmonary atresia, an absent main pulmonary artery and a 
ventriculoseptal defect. A patent ductus arteriosus had 
mistakenly been tied off in infancy. He was cyanosed, with a 
dusky and plethoric complexion, had drumstick clubbing of 
the fingers, a haemoglobin concentration of 24 g di', and 


pulmonary function tests 50% of predicted. A history of 
wheeze with upper respiratory chest infections was not seen 
as particularly significant against the background of his 
general condition. Surgical access was planned through a 
right lateral thoracotomy: a medium-sized, left Robertshaw 
double-lumen tube (DLT) was inserted, and lung separation 
appeared to have been achieved. Thiopental, phenoperidine 
and pancuronium were used at induction and isoflurane and 
nitrous oxide for maintenance of anaesthesia. After the chest 
had been opened and OLV instituted, oxygen saturation, 
measured from interval blood gases, had decreased from 88 
to 55% and was unchanged despite the use of 100% inspired 
oxygen. The DLT was removed and a tracheal tube inserted, 
with some improvement in oxygen saturation. At the end of 
the procedure, a rigid bronchoscope was inserted to remove 
secretions, at which point the abnormal anatomy of the 
airway was found. It appeared to be similar to that of a 
teenager who had been investigated for a respiratory wheeze 
and whose bronchogram is shown in Fig. 2. 





Case 2 (Type ID) 

A 53-yr-old male ex-smoker presented with a shadow in the 
left lower lobe of the lung after a routine chest x-ray. It was 
proposed to insert a right-sided DLT prior to left 
thoracotomy but at pre-intubation rigid bronchoscopy a 
tracheal bronchus was noted 1 cm above the carina, [t was 
felt that the tracheal limb of a DLT would block the tracheal 
bronchus and reduce the zones for ventilation significantly. 
A bronchial blocker (Rusch) was inserted through the rigid 
bronchoscope and sited in the left main bronchus. A 9.0 mim 
cuffed oral tracheal tube was placed beside the blocker so all 


y 


zones of the right lung could be ventilated (Fig. 3) 
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Fig 1 Schematic representation of the types of tracheal bronchus likely to be of significance to anaesthetists 





Fig 2 Bronchogram of a teenager who presented with a wheeze. The 
upper lobe (tracheal) bronchus can be seen arising just below the tip of a 
rigid bronchoscope close to the mid-tracheal point. The bifurcation at the 
level of a normal carna is between left main bronchus and bronchus 
intermedius to right middle and lower lobes 


Case 3 (Type HI) 


A 54-yr-old male with a secondary lesion from bowel 
malignancy in the left thorax was prepared for thoracotomy. 
At rigid bronchoscopy, a tracheal bronchus was noted at the 
level of the carina (Fig. 4). The chance that the bronchus 
would be blocked by the bronchial limb of a right-sided 
DLT was considered high so a blocker (Rusch) was inserted 
into the left main bronchus using a rigid bronchoscope. A 9.0 
mm cuffed tracheal tube was used to ventilate the right lung. 


7 


Fig 3 Schematic representation of the siting of a bronchus blocker and 
tracheal tube that prevents obstruction of a tracheal bronchus for OLV of 
the right lung. 





Fig 4 Carinal trifurcation. Clinical photograph at bronchoscopy. From 


left to right: main bronchus, carina; main bronchus: upper lobe carina; 
and upper lobe bronchus 
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Tracheal bronchus 


However, immediately before thoracotomy, and in 
searching for CT evidence of the tracheal bronchus, it 
was noted on a more recent CT scan that a further 
lesion was present in the right lung. It was felt that a 
sternotomy would be appropriate but there was no 
consent. The following day, a sternotomy was conducted 
and a left-sided DLT was used successfully to produce 
lung separation. Particular care was taken to ensure that 
there was a sufficient margin of safety? to ensure that 
the tracheal bronchus was not blocked by the tracheal 
lumen of the DLT or by herniation of the bronchial 
cuff. i 


Discussion 

It is impossible, in Case 1, to know with any degree of 
certainty where the DLT lumen tube was placed. There are 
several possibilities, including correct siting and siting at the 
level of the tracheal bronchus wıth the true trachea 
cannulated with the endobronchial limb of the DLT. With 
hindsight, the hypoxia was most likely exacerbated by the 
fact that the patient did not have the pulmonary reserve nor 
the collateral oxygenating circulation to tolerate OLV. 
Nevertheless, the case illustrates the confusion caused by 
and the dangers of bemg unaware of the presence of a 
tracheal bronchus and the potential for a vital bronchus to be 
obstructed by a tracheal tube. An association of this type of 
anatomy with other congenital anomalies is known but the 
presence of cyanotic heart disease in this case distracted 
from the alerting symptom of a wheeze. Stridor is a typical 
presentation of severe manifestations of a tracheal bronchus. 
McLaughlin and colleagues! discussed the presentation, 
diagnosis and management of such cases, which can include 
surgical resection. However, it 1s probable that the bulk of 
these abnormalities are of incidental interest and of no 
prognostic significance, unless tracheal intubation is 
required. The child illustrated in Figure 2 was asymptomatic 
otherwise and needed no further immediate management 
once it was recognized that the wheeze was not indicative of 
asthma. 

Longer survival of many of these patients with severe 
malformations may mean that a tracheal bronchus of 
this type is potentially more likely to be found in the 
adult population requiring tracheal intubation. Figure 2 
shows the nature of the problem. Essentially, the 
appearance on bronchoscopy was of the main carina 
arising at or near the mid-trachea. The rest of the 
trachea looked as thongh it arose from what in the 
normal subject 1s the origin of the left main bronchus. 
The lower carina is a bifurcation of left main bronchus 
and bronchus intermedius and is sited at the usual level. 
It ıs only with radiological techniques, such as 
bronchography, that the true anatomy can be defined. 
Under normal circumstances, without this knowledge, it 
is easy to envisage that tracheal intubation could have 
several consequences, some of which would result in 


hypoxia. Either the tracheal bronchus or the true trachea 
could be entered by an uncut tracheal tube or one cut 
by design not to be placed beyond the mid-tracheal 
point. Cannulation of the tracheal bronchus would 
obstruct most of the rest of the respiratory system; 
cannulation of the true trachea would bypass the right 
upper lobe. The suggested management of the airway 
for anaesthesia for non-thoracic procedures includes the 
use of short tubes sited in the upper trachea, careful 
attention to the position of the tip of the tube, and fibre- 
optic confirmation that the tracheal bronchus is not 
obstructed.” 4 

Case 2 proved to be a problem because of the nature of 
the surgery, and the solution to securing the airway was 
essentially related to the requirement for OLV. It has been 
used for the purpose of defining a Type I problem and is 
reported because it is illustrative of the potential dangers of 
tracheal tubes for the unwary in patients who have all the 
appearances of being normal. Such bronchial offsets have 
been reported as much as 6 cm from the canna,” in which 
case it is possible to envisage an anaesthetist inadvertently 
obstructing a tracheal bronchus and creating a hypoxic shunt 
with a tracheal tube of standard length. 

Occasionally, a tracheal bronchus can be seen by 
examination of the tracheal wall on a chest x-ray,” but in 
practice these anomalies may come to light only acciden- 
tally. If an event occurs that makes the anaesthetist suspect 
that a tracheal bronchus 1s obstructed by a tracheal tube, it 1s 
likely that the only way of detecting it is by carefully 
withdrawing the tube to see if oxygen saturation is improved 
or by auscultation of the apical zone of the lung while such a 
manoeuvre is conducted. Although very rare, the condition 
should be added to main bronchial cannulation on a list of 
differential causes of desaturation associated with the action 
of tracheal intubation. 

Type UI anomalies (Case 3), sometimes described as 
carinal trifurcation, present particular problems for those 
using DLT.>° In 20 yr of thoracic practice, the proposed 
airway management has had to be altered to cater for the 
presence of a trachéal bronchus in three further cases. This 
experience alone may not justify routine bronchoscopy 
(rigid or fibre-optic) prior to the use of blockers, 
endobronchial tubes and DLT, but the potential to confuse 
intubators and harm patients if the presence of one of these 
anomalies is undetected is reason enough to reinforce it as 
sensible practice before insertion of any form of lung 
separator. In some cases a DLT will function adequately to 
secure lung separation, but the use of a bronchus blocker 
and a standard tracheal tube has proved the most suitable 
way of delivering operating conditions that do not incon- 
venience the surgical operator and of securing safe and 
optimal OLV. 
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There is littie experience of anaesthesia for patients with Huntington’s chorea. These patients 
have an Increased risk of intraoperative complications such as pulmonary aspiration. We pre- 
sent the successful anaesthetic management of a 17-yr-old patient suffering from Huntington’s 
chorea requiring urgent appendectomy. After rapid-sequence induction with thiopental 400 mg 
and succinylcholina 100 mg, anaesthesia was maintained with sevoflurane. For maintenance of 
neuromuscular blockade mivacurium 10 mg was administered and repeated 15 min later. 
Except for a short episode of postoperative shivering, the perioperative course was uneventful. 
Sevoflurane and mivacurtum were used safely and effectively in this patient. 
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Only a few case reports exist concerning the anaesthetic 
management of patients suffering from Huntington’s 
chorea’? Huntington’s chorea is a rare hereditary 
disorder of the nervous system. Symptoms usually 
appear between the ages of 30 and 45 yr and include 
choreatic movements, progressive mental deterioration 
and ataxia. Early onset of symptoms is associated with 
more rapid and severe progression of the disease. 
Patients suffering from MHuntington’s chorea are at 
higher risk of intraoperative complications, including 
pulmonary aspiration,’ a prolonged response to succinyl- 
choline? and thiopental,” and increased sensitivity to 
midazolam.° The primary goal in general anaesthesia 


for these patients is to provide airway protection and 
a rapid and safe recovery. The development of new 
short-acting drugs, such as propofol, has led to recom- 
mendation of a total intravenous anaesthesia (TIVA) 
technique®* in patients with Huntington’s chorea, thus 
avoiding compromised postoperative recovery and the 
increased risk of postoperative shivering from potent 
inhalational agents. However, the recently introduced 
inhalational agent sevoflurane could eliminate the prob- 
lem of prolonged recovery because of its favourable 
pharmacokinetic profile. Secondly, the use of the short- 
acting, non-depolarizing neuromuscular blocking drug 
mivacurium could provide adequate relaxation without 
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the danger of prolonged paralysis at the end of the 
operation. 


Case report 


A 17-yr-old, 85 kg girl with a 4-yr history of Huntington’s 
chorea was admitted for urgent appendectomy. Her sister 
had died from Huntington’s chorea at the age of 25 yr. She 
suffered from progressive dementia and swallowing dys- 
function with regurgitation, but was not taking any medi- 
cation. She appeared anxious and uncooperative and did not 
respond appropriately to verbal commands. Laboratory 
investigations were normal. 

To minimize the risk of aspiration, we performed rapid- 
sequence induction consisting of thiopental 400 mg and 
succinylcholine 100 mg with cricoid pressure applied. To 
determine the degree of muscle relaxation we used train-of- 
four (TOF) monitoring (Innervator; Fisher & Paykel Health 
Care, Auckland, New Zealand). After induction the TOF 
was no longer detectable and the trachea was intubated. 
Within 10 min, all four twitches of the TOF returned to 
control levels and mivacurium 10 mg was administered. 
Anaesthesia was maintained with fentanyl 0.25 mg and 
sevoflurane 1.5-2% inspired. After 15 min, a second 
increment of mivacurium 10 mg was given, as four twitches 
were detectable and the TOF ratio was >0.75. At the end of 
surgery, which lasted 70 min, the TOF had recovered to 
control values and sevoflurane was discontinued. After 5 
min the patient regained consciousness and was extubated 
uneventfully without any reversal of residual neuromuscular 
block. To prevent postoperative nausea and vomiting, and 
thus reduce the risk of aspiration, we administered 
ondansetron 8 mg and ranitidine 50 mg i.v. The post- 
operative course was uneventful except for a short episode 
of shivering, which was successfully treated with pethidine 
50 mg. The patient was discharged from hospital on the 
third postoperative day. 


Discussion 


Different anaesthetic techniques have been recommended 
for use in patients suffering from Huntington’s chorea. 
Spinal anaesthesia has successfully been performed in one 
patient.? Some authors recommend using a TIVA technique 
and avoiding potent inhalational agents to reduce the risk of 
postoperative shivering and the precipitation of generalized 


tonic spasms.** Others have used inhalational agents, such 
as halothane” and isoflurane,‘ without problems. In spite of 
recommendations to avoid potent inhalational agents, $ we 
decided to use sevoflurane to maintain anaesthesia because 
of its favourable pharmacological properties. It is easy to 
titrate and provides rapid recovery. It proved to be effective 
and safe in our patient; the short episode of postoperative 
shivering did not evoke generalized spasms and was easily 
treated by the administration of pethidine. 

We did not find any prolonged effects from thiopental or 
succinylcholine, which have been found previously.” * The 
cause of the prolonged response to succinylcholine, as found 
in one patient in a previous report, may have been 
abnormal plasma cholinesterase and completely unrelated 
to Huntington’s chorea.* The use of rocuronium for rapid- 
sequence induction in this patient might have been a feasible 
alternative, but the authors’ experience concerning rocur- 
onium was too limited at that time. The recovery time for 
mivacurium was within the range reported in normal 
patients who have received similar doses. We could not 
find any evidence of altered mivacurium pharmacody- 
namics in our patient despite prior administration of 
succinylcholine. 

The use of sevoflurane and mivacurium for general 
anaesthesia in patients suffering from Huntington’s chorea 
seems to be effective and safe. 
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At 18:37 h on Friday 30 April 1999, a nail bomb exploded 
without warning in the Admiral Duncan public house in 
Soho, London; two victims died at the scene. At 19:05 h the 
London Ambulance Service issued Major Incident Alerts or 
Standbys at sıx London Hospitals, including Guy’s Hospital 
and St Thomas’ Hospital (STH). 


The Guy’s and St Thomas’ experience 


The first ambulance arrived at STH at 19:15 h and the last of 
36 patients arrived at 21:00 h. The telephone switchboard 
contacted anaesthetists from 19:21 h onwards. Guy’s 
Hospital received 23 patients, none of whom required 
admission. At STH, 27 patients with minor injuries were 
treated and discharged from the Accident and Emergency 
(A&E) department, four patients were admitted directly to 
the operating theatre, four were admitted to the wards and 
one was transferred from the A&E department to the Burns 
Unit of the Queen Victoria Hospital, East Grinstead. 
Physical injuries included burns, macerated and fractured 
limbs, an acute abdomen and multiple shrapnel wounds. All 
patients were presumed to be an infection risk and suitable 
precautions were taken. 

A total of 70 medical staff attended A&E and the 
operating theatres; 36 were consultants, of whom 12 were 
anaesthetists; countless other staff appeared, mainly on their 
own initiative. Surgery at STH started at 21:00 h (day 0) and 
ended at 03:30 h the following morning; four operating 
tables worked throughout this period (sufficient staff were 
available to have opened two more operating theatres if 
needed). 


Operative procedures on day O included: extensive 
debridement of soft tissue wounds; a colostomy for blast 
injury to the sigmoid colon; two completion below-knee 
amputations; one above-knee amputation; external fixation 
of a right and a left ulnar fracture (on different patients); and 
a completion amputation of the left middle finger. One 
patient narrowly avoided a thoracotomy when a nail, clearly 
visible on chest x-ray, was removed from subcutaneous 
tissues by an alert thoracic surgeon. 

Two patients (patients 1 and 4 in Table 1) were 
transferred after their operation to the 15-bed Intensive 
Therapy Unit (ITU; which also admitted two cardiac arrests 
from medical wards during this period), and two patients 
(patients 3 and 5) were ventilated in our nine-bed Overnight 
Intensive Recovery facility (OIR; normally used by patients 
after cardiac surgery). 

On day 1, three patients were re-anaesthetized: patient 4 
for a CT scan of the cervical spine, patient 5 for suture of a 
previously identified penetrating eye injury, and patient 1 
for further debridement, removal of nails and grafting of 
wounds. Extensive cavitation wounds beneath trivial skin 
punctures were particularly evident. Patient 3 had extensive 
burns and a tibial fracture treated by external fixation on 
day 0; on intubation the anaesthetist observed laryngeal 
oedema, and therefore on day 1 a bronchoscopy was 
performed; this showed no evidence of smoke inhalation. 
The patient was extubated and, after 16 h of uneventful 
spontaneous ventilation on air, he was transferred on day 2 
to East Grinstead (see below). 

By the end of the 4-day Bank Holiday weekend, 36.5 h of 
operating had been performed on five patients during 12 
procedures. A total of 71 units of blood, 40 units of FFP and 
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Table 1 Course of events for five patients up to day 63. AKA = above-knee amputation; BKA = below-knee amputation; L, left, R, right 

















Patient Main injurtes Number of days on Number of 

operations 
OIR ITU HDU Ward 

1 25% burns, L ulnar fracture, L AKA i 26 7 29 8 

2 R arm fracture, burns 0 0 0 17 2 

3 30% burns, R ubial fracture 2 0 0 0 1 

(+4 operations at East Grinstead) 

4 Perforated colon, bilateral BKA, 9C5/6 lesion 0 17 8 38 8 

5 R radial fracture, shrapnel R leg and arm, R global perforation of eye 10 7 8 38 7 

Total 13 50 23 122 26 


thirteen 250-ml bags of platelets were transfused over this 
period, blood and blood products were provided without 
delay. On Day 4, three of the patients in Table 1 returned to 
the operating theatre together with one of the ward patients. 
Patient 5 remained in the OIR for 10 days before returning 
to a High Dependency Unit (HDU); he was shortly 
thereafter admitted to the ITU with Klebsiella pneumonia. 
He and patient 1 subsequently developed severe respiratory 
and cerdiovascular problems requiring a variety of inter- 
ventions, including inotropes, prone ventilation, inhaled 
nitric oxide and percutaneous tracheostomy; neither patient 
required haemofiltration. None of our patients sustained 
head mjuries. The clinical course of the patients operated 
upon at STH is summarized in Table 1; all survived. 

These five patients required continuing care. Patient 3 
underwent a below-knee amputation on day 188 (7 months 
later); on that day, four of the five patients listed in Table 1 
were still in-patients at STH, although none had been 
resident continuously since day 0. 


The East Grinstead experience 


The patient who was transferred from STH on day 2 (patient 
3) required operative intervention; three other patients were 
admitted to East Grinstead Hospital after the incident from 
other units. On arrival, the STH patient had a 33% flash burn 
mainly affecting the trunk, arms and face, together with a 
right tibial fracture in external fixation and shrapnel wounds 
to the lower limbs and left shoulder; nevertheless, his 
overall condition was satisfactory. The following day he 
deteriorated with generalized sepsis and hypoxia. 
Morphine-resistant pain in his right foot prompted a 
fascictomy on day 3 and, although per-operative broncho- 
scopy again failed to show evidence of smoke inhalation, he 
was electively ventilated and extubated on day 4. On day 7, 
the upper tibial wound was closed with a local fascio- 
cutaneous flap and the fasciotomies and shoulder wound 
were repaired with split skin grafts. He underwent three 
further operative procedures before he returned to STH on 
day 24. 


The lessons to be learned 


Overall, the Major Incident Procedure at STH worked well, 
but improvements could be made. 


Communication 


A well-attended debriefing held on day 6 revealed a number 
of communication failures and exposed our failure to plan 
adequately for the subsequent load on the operating theatres, 
which continued for many days after the incident. 


e Bleeps were a hopeless means of contact since the 
switchboard (which received 1500 calls in 1 h) could not 
possibly keep track of who had or had not answered. 

e Our automated call-routing system enables callers with 
touch-tone telephones to dial the extension they require 
themselves and handles up to 12 calls simultaneously; 
this proved adequate. 

e The anaesthetic staff list held by the switchboard was 18 

months out of date, and new consultants were thus left 

undisturbed whilst those long-since retired were invited 
to attend. 

Several anaesthetists asked to be put through to A&E to 

confirm the Incident Alert, which blocked external and 

internal lines, probably without a successful connection; 
we have since arranged for a direct line to the operating 
theatres for anaesthetists. 

e Those in A&E had difficulty contacting the operating 
theatres, and vice versa, and a more direct link between 
the surgeon in A&E and the anaesthetist in the operating 
theatres has now been established. 

o A&E staff commented that, in the mêlée, anaesthetists 
were difficult to identify and clearer marking was 
requested (purple baseball caps?). 


Staffing 

e The four resident anaesthetic trainees, the on-call general 
and the on-call cardiac consultant coped adequately with 
the operating theatre load on day 0 with the help of one 
extra consultant volunteer. Calling in as many as ten 
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further consultants was probably unnecessary, though 
their efforts were greatly appreciated in A&E and for 
inter-hospital transfers. However, additional help was 
needed after day 0 to cover anaesthetic services over a 
long weekend. 

e At 11:00 h on day 1, the resident staff and the on-call 
general anaesthetic consultant were all anaesthetizing 
patients simultaneously when a patient with ‘acute 
epigiottitis’ was admitted to A&E. Coincidentally, the 
same consultant who volunteered to help in the operating 
theatre on day 0 arrived, and he was instantly despatched 
to sort out what transpired to be a quinsy that responded, 
at least initially, to medical treatment. We needed 
reminding that resources to deal with ‘ordinary’ emer- 
gencies are still needed, regardless of Major Incident 
Alerts. 


Facilities 

e ITUs are often at their busiest on a Friday so, if the word 
can be used in such a context, it is fortunate that this event 
occurred on this particular Friday of a Spring Bank 
Holiday weekend when beds happened to be available 
and three consultant ITU staff were still in the hospital. 
Simultaneous provision of intensive care for five extra 
critically ill patients might have been impossible at other 
times, particularly in the winter, when bed occupancy is 
supramaximal. 

è The clinical courses of the patients at STH and East 
Grinstead were punctuated with episodes of systemic 
sepsis, possibly secondary to infected shrapnel fragments, 
which required intense supportive measures. All patients 
were young and previously healthy, and eventually made 
a reasonable physical recovery. 


Peripheral specialist units such as the Queen Victoria 
Hospital at East Grinstead can only accept patients with 
conditions appropriate to their facilities. This requires 
careful consideration before patients from major incidents 
who might require intensive care are referred. 

e Long-term psychological and social support is deemed 
essential for both victims and carers.' Counselling was 
offered to all involved, though uptake was patchy 
amongst the staff. The five patients listed (Table 1) 
required extensive psychological and social support and 
16 of the ‘walking wounded’ were counselled. 


Conclusions 


We found that, in such an obvious emergency, staff 
availability was not a problem. Communication within 
and without the receiving hospital can be improved; bleeps, 
both internal and air-call, are unreliable, and direct 
telephone lines should be established. Anaesthetic and 
other resources must be provided for several days after such 
an incident. Patients with potential multi-organ failure 
should not be referred to specialist units without due 
consideration and consultation. 
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Patients yes; politics no 


Editor—Hopkins! wntes that it ıs wrong, just because of the 
politcal packaging, to dismiss the fundamental ideas behind 
developments such as clinical governance and the National Institute 
for Clinical Excellence (NICE). But the fundamental ideas are 
political. They are intended to enable managerial control of health 
professionals by using the methods of accountancy.” Eventually, 
whether a clinician is good or bad will be judged not on outcomes 
(which is what Hopkins is, rightly, keen to pursue) but on whether 
they have followed the processes to ensure quality. This is despite 
the lack of evidence that the processes.ensure quality in the first 
place. We were told at their inception that clinical governance and 
NICE would improve quality, but there has been little intellectual 
debate. Instead, critics of these developments are dismissed as not 
wanting quality. In fact, if one examines the way NICE is supposed 
to work and the principles on which it is based, there are serious 
difficulties that suggest it cannot work i in the way it is intended, 
or in which most clinicians would hope.? 

Hopkins wants us to seize the opportunity to develop quality 
assurance based on meaningful outcomes; others have spoken of 
how chnical governance will prove the need for more funding for 
the National Health Service in the UK. All are deluded. In the 
present climate, our efforts will be taken by the managers to 
ensure that clinicians become no more than functionaries, carrying 
out medical procedures according to algonthms from which we 
deviate at our peril. For years, clinicians have complained of NHS 
underfunding. Ignoring this is a real problem, and exaggerating 
the extent of poor professional performance, clinical governance 
was yet another distracting reorganization, W which itself was 
underfunded. 

Whatever outcomes we look for in anaesthesia, we have to 
accept that they will be soft ones. We do indeed need to research 
what is best for our patients. We also need to remember that the 
large randomized trials that Hopkins asks for, while being the 
only way of obtaining this information, will never in themselves 
tell us what to do for an individual patent. 


N. W Goodman 
Department of Anaesthesia 
Southmead Hospital 

North Bristol NHS Trust 
Bristol 
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Editor—-I would like to thank Dr Goodman for his interest in my 
editorial:! I enjoyed reading his letter. I am pleased that 
Dr Goodman agrees that we should pursue meaningful outcomes 
as indicators of quality. It would be idyllic if we could do this in 
a political vacuum. But we cannot: while the maintenance of 
political power is heavily dependent on the electorate’s perception 
of the government’s management of the National Health Service 
(NHS), provision of health care in the UK will remain a political 





issue. Does Dr Goodman believe that we are not already subject 
to ‘managerial control of health professionals by (using) the 
methods of accountancy’? What I have found objectionable 1s that 
the only criterion used previously for this managerial control was 
short-term cost. There was no regard given to the quality and 
value of what was provided. These were the fundamental ideas I 
referred to in my editorial. 

Dr Goodman 15 concerned that quality assurance processes will 
be used to judge clinicians and hospitals. To share this concern, 
one only has to have experienced the Higher Education Quality 
Assurance Agency’s subject review process, in which university 
departments have had their teaching graded on the basis of the 
‘quality process’ rather than the quality of the teaching This must 
not happen with health provision and is precisely why we must 
determine relevant measures of quality in the ways suggested ın 
my editorial.! 

I may, as Dr Goodman believes, be deluded in thinking that we 
can use the current political initiatives to achieve the best for our 
patients. I contend that failing to try will result inevitably in a 
poorer health service. 


P M Hopkins 

Academic Unit of Anaesthesia 
St James's University Hospital 
Leeds 
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Anaphylactic reactions to rocuronium 


Editor—We were interested in the article by Neal and colleagues,! 
and would like to make some comments. 

The authors reported three cases of anaphylactoid reactions to 
rocuronium, for which they discussed an immune mechanism 
without confirming it, because they only used prick tests with 
1:10 dilution. Positive prick tests with rocuronium, a poor histamine 
releaser,” in 1:10 dilution, are highly suggestive of IgE dependent 
anaphylaxis, especially in case 1 where the test was already 
positive with 1:100 dilution and where an elevated concentration 
of tryptase, which is a valuable indicator of anaphylaxis,’ had 
been detected. 

From our long experience with hundreds of patients tested with 
all the neuromuscular blocking agents, using prick tests and 
intradermal tests (IDT), we maintain that in normal patients, 
who are not allergic to muscle relaxants, the aminosteroidal 
neuromuscular blocking agents never induce a positive response 
to prick tests in 1:10 dilution, or with undiluted solution, in 
contrast to atracurium and mivacurium. We are therefore certain 
that the three cases reported by Dr Neal are due to true IgE 
dependent anaphylaxis to rocuronium. 

The authors doubt the validity of their cutaneous tests in 
diagnosing anaphylaxis, referring to the work of Levy conducted 
in control subjects (personal communication), where 90% were 
positive to rocuronium tested in 1:10 dilution. But the cutaneous 
tests used by Levy were IDTs and not prick tests, and it is well 
known that these two types of skin tests are not comparable with 
respect to the amount of drug injected into the skin. 

The prick tests are epidermal tests. The skin is pricked with the 
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tip of an intradermal needle or a special device apphed through a 
drop of the drug to be tested. The volume of the tested solution 
introduced into the epidermis has been evaluated as 20 nanol, but 
only 5 nanol reach living cells in the epidermis.* With IDT, a 
volume of 0.03 mi to 0.05 ml of the solution is injected into the 
dermis, which is 30 000-50 000 nanol. The difference is of a 
factor from 1-10 000. For this reason, when prick tests are 
negative, it is advisable to begin IDT with a solution diluted to 
1:1000 to test the equivalent dose to that used in the prick test. 
In fact, this point was underlined in section 6 of the guidelines 
published in 1995 by the working party of the Association of 
Anaesthetists of Great Britain and Ireland and the British Society 
of Allergy and Clinical Immunology.° Control subjects studied by 
Levy had therefore received into the dermis a quantity of 
rocuronium 1000 times greater than the quantity injected into 
Dr Neal’s patients. 

It is a pity that the detection of specific IgE against quaternary 
ammonium ions, and an inhibition test to rocuronium, were not 
performed on the three patients. For some time, the two techniques 
of detection have been available and used as a routine in France,®7 
These techniques both have an 85% sensitivity rate, in contrast 
to the Pharmacia RAST succinylcholine test ın which sensitivity 
is between 45 and 70%.° 8 If specific antibodies to rocuronium 
had been detected, this would have enabled Dr Neal and colleagues 
to confirm the immunological nature of the reaction. 

The authors state that they are aware of only one other 
published case.? We should like to note the results of the 
fourth epidemiological survey concerning anaphylactoid reactions 
occurring during anaesthesia m France between 1994 and 1996, 
published ın Annales Françaises d’Anesthésie et de Réanimation 
in 1999.!° Out of 452 cases of anaphylaxis due to neuromuscular 
blocking drugs, 41 were induced by rocuronium. In the October 
1999 issue of the same journal, four serious case of rocuronium 
anaphylaxis occurring in 1998 were also published.!! 

Dr Neal and his colleagues conclude by suggesting the need 
for close monitoring of the frequency of reactions to rocuronium. 
We agree, but there is no reason to focus solely on this muscle 
relaxant. This policy of monitoring anaphylactic reactions to 
anaesthetic agents has been applied throughout France since 
1985.!2-14 The fifth survey conceming cases of anaphylaxis 
observed during anaesthesia in 1997 and 1998 will be published 
shortly. - 


M C. Laxenaire 
Department of Anaesthesia and Intensive Care 


_ D. A. Moneret-Vautrin 
Department of Medicine and Clinical Immunology and Allergolagy 
CHU Hépital Central, Nancy, France 
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Post-dural puncture headache associated with 
cerebral venous thrombosis 


Editor—The article by Stocks and colleagues made for interesting 
reading.’ Perpartum post-dural puncture headache (PDPH) 
associated with cerebral venous thrombosis (CVT) is a diagnostic 
and therapeutic challenge. 

While penpartum CVT 1s rare in developed countries, rates in 
developing countries are much higher, account for a vast database. 
Incidences of peripartum CVT as high as 200-500 per 100 000 
deliveries have been reported in India, accounting for 60% of all 
cases.2 Mortality from puerperal CVT may reach 28-33%. A 
recent retrospective study of 60 patients, aged 18-46 yr, with 
peripartum ischaemic cerebrovascular accidents found CVT to be 
almost as frequent (55% vs 45%) and with a higher mortality (36% 
vs 0%) than cerebral ischaemic accidents (CIA).4 Computerized 
tomography (CT) scan findings in 25 peripartum CVT patients 
have been described as diffuse brain oedema (52%), haemorrhagic 
or nonhaemorrhagic infarctions on one or both sides of the 
brain (48%), gyral enhancement (40%) and tentorial enhancement 
(16%).5 Common modes of presentation include headache (92%), 
altered sensorium (80%), seizures (76%), papilloedema (80%) and 
hemiplegia (52%). 

Cantu and co-workers studied the characteristics of 67 patients 
with CVT associated with pregnancy and the puerperium, and 
compared them with those of 46 patients with non-obstetric related 
CVT.° They found that patients with peripartum CVT were 
younger (average age 27 yr vs 36 yr), had a more acute onset of 
symptoms (82% vs 54%; P=0.003), had a quicker plateau of 
symptoms (70% vs 45% in 10 days; P=0.01), had a good prognosis 
(80% vs 58%; P=0.01) and had lower mortality rates (9% 
vs 33%; P=0.002). They concluded that CVT associated with 
pregnancy and the puerperium has a better prognosis than that 
due to other causes. 
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When a patient has minimal relef from two extradural blood 
patch (EBP) therapies for PDPH, we recommend the use of 
fluoroscopic guided EBP therapy, with epidural needle placement 
determined by means of a limited epidurogram. A clinical, 
prospective .double-blinded trial over a period of 6 months 
involving 19 patients at our pain-management clinic compared 
favourably for fluoroscopic-guided as compared to blind EBP 
treatments for PDPH.” Repeat EBP therapies were avoided and 
better pain control, as measured by visual analogue scales, was 
achieved, Correct epidural needle placement and avoidance of 
repeat inadvertent dural punctures are some of the features that 
affected better outcomes. 

This information, in conjunction with that offered by the authors, 
helps us understand more clearly the characteristics of peripartum 
CVT. Since many of these patients would receive epidural analgesia 
in labour, differentiation of headache caused by CVT from PDPH 
would be critical in terms of management and prognosis. 


A Anand 

The Pain Clinic 
Muwaukee 

WI, USA 
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Editor—Thank you for the opportunity to respond to Anand’s 
letter. We welcome his interest in our case report and the additional 
ınformation regarding peripartum cerebral vein thrombosis. 

With regard to the use of the fluoroscopic guided epidural blood 
patch therapy, this is of interest, and to our knowledge has not 
been described ın the obstetric population. Epidural fluoroscopy 
has been used to aid placement of epidural steroid injections in 
patients with chrome back pain! and has been shown to be safe 
and accurate.” However, we would not support the recommendation 
that fluoroscopic guided epidural blood patch therapy should be 
used in patients who have had minimal pain relief with two 
epidural blood patches. As discussed in our case report, it ıs in 
precisely this clinical situation that doubt exists regarding the 
aetiology of persistent postpartum headache. Other more serious 
pathologies must be considered as well as the possibility that the 
epidural space was not located properly in previous epidural blood 
patch attempts. Often clinicians cannot be certain of the diagnosis 
without further investigation and until other pathologies are 
excluded, we feel that a further epidural blood patch should not 
be attempted. If, after this, it is concluded that a further epidural 
blood patch may be of benefit, then in these circumstances 
epidural fluoroscopy may be of help ın successful location of the 
epidural space. 


G. M. Stocks 
D. J. A. Wooler 
J.M Young 
R. Fernando 
London 


1 Renfrew DL, Moore TE, Kathol MH, el-Khoury GY, Lemke JH, Walker 
CW. Correct placement of epidural steroid injections’ fluoroscopic 
guidance and contrast administration. Am J Neuroradiol 1991; 12: 
1003-7 

2 Johnson BA, Schellhas KP, Pollet SR. Epidurography and therapeutic 
epidural injections: technical considerations and experience with 5334 
cases. Am J Neuroradiol 1999, 20: 697-705 


Magnesium sulphate for pre-eclampsia and a 
sudden bradycardia 


Editor—The value of magnesium sulphate (MgSQ,) in the 
treatment of eclampsia is established! but it is unclear whether it has 
any prophylactic anticonvulsant value. An important randomized 
placebo controlled trial (MAGPIE) is studymg the use of 
magnesium in pre-eclamptic patients and will report on the 
influence of magnesium on eclampsia and its complications.” 
Currently there is little information on the toxicity and side-effects 
of magnesium in obstetric practice and the MAGPIE tral will 
provide important data on this issue. The ıncidence and significance 
of side-effects may only be revealed as use of the drug increases 
I would like to report a significant bradycardic event that occurred 
in a pre-eclamptic patient who was receiving MgSQ,. 

An 18-yr-old, previously fit primagravidae patient was admitted 
to the delivery suite at 36 weeks gestation with proteinuria and 
hypertension. Her mean arterial pressure (MAP) was 145 mm Hg 
and required urgent treatment. She was on no medication. After 
assessment, she received a bolus of intravenous hydralazine 10 mg 
which lowered the MAP but caused the pulse rate to increase 
from 100 to 150-160 beat min!. The patient experienced 
palpitations and was connected to an electrocardiograph (ECG) 
monitor which revealed a sinus tachycardia. Fo treat the tachycardia 
and further lower the MAP, intravenous labetolol 30 mg was given 
in 10 mg boluses over the next 30 min. This reduced the MAP to 
120 mm Hg and pulse rate to 110-120 beat min™!. As the 
cardiovascular parameters had improved, no further 
antihypertensive agents were given. 

The patient’s condition satisfied the entry criteria into the 
MAGPIE trial and an infusion was prepared from the MAGPIE 
drug pack. The trial is blinded but I subsequently ascertained that 
the trial drug was MgSO,. The loading dose of magnesium 4 g is 
wfused over 10-15 min although in our unit we give the loading 
dose over 30 min. Approximately 20 mun after the infusion was 
started, the patient suddenly complained of feeling faint, looked 
pale and started to lose consciousness. The ECG monitor showed 
that the heart rate had dropped from 110 to <40 beat min`! 
with several periods where there was no electrical activity. The 
infrequent complexes on the single ECG monitor trace had normal 
morphology. Her arterial pressure remamed at 125/75 mm Hg. At 
the tıme of the sudden bradycardia, the patient was comfortable 
and relaxed and had no obvious precipitating event to cause a 
vasovagal attack, She was sitting fully upright and aortocaval 
compression therefore seemed unlikely. She had not received any 
labetolol for at least 30 min and her pulse rate had remained 
consistently over 100 beat min“! prior to commencing the trial 
infusion. 

The patient was put in the left lateral position and given 
15 litres min’ high flow oxygen through a Hudson face mask. 
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The magnesium infusion was stopped and intravenous atropine 
200 mcg was given. The patient did not lose consciousness but 
continued to feel faint over the following 5 min until the pulse 
rate increased to 70 beat min). The magnesium infusion was 
recommenced approximately 10 min after the bradycardia and 
when the loading was complete a maintenance infusion of MgSO, 
1 g h“! was started. No further episodes of bradycardia occurred. 
The patient remained stable with a MAP <120 mm Hg and a 
pulse rate of 80-100 beat min!. Ninety minutes later, despite 
stabilization of the hypertension, it was decided to deliver the 
baby. A healthy baby was delivered by Caesarean section under 
spinal anaesthesia and the postoperative care of the mother and 
baby was uneventful. 

The side effects of magnesium have been reviewed by Fawcett 
and colleagues? and it is known that magnesium can cause a 
bradycardia by decreasing sinus node rate, prolonging AV 
conduction time and increasing AV node refractoriness. I did not 
measure the plasma magnesium level at the time of the bradycardia 
but it should not have been in the cardiotoxic range. However, I 
suspect that the plasma concentration of magnesium necessary’ to 
produce cardiac side-effects when combined with a beta blocker 
may be lower than quoted. As magnesium is a physiological 
calcium antagonist,’ similar drug interactions are well documented. 
When pharmacological calcium antagonists such as verapamil and 
nifedipine are combined with beta adrenoreceptor antagonists, the 
potential risk of bradycardia and asystole is well known and their 
co-admunistration is to be avoided. 

Having identified a theoretical explanation for the bradycardia, 
I was surprised to find no previous reports of this drug interaction 
or any reference to the combined effect of magnesium and beta 
adrenoreceptor antagonists on myocardial function. As both drugs 
have been given in combination to many patients, this case appears 
to represent a rare side-effect. However, it is possible that it occurs 
more frequently but in a less severe form which clinicians have 
not detected or reported. In our unit, patients that are receiving 
MgSO; now have ECG monitoring. I note that this is not required 
in the MAGPIE protocol. 


J. A. L. Pittman 
Department of Anaesthesia 
Gloucester Royal Hospital 
Gloucester 
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Dexamethasone reduces nausea and vomiting after 

laparoscopy 

Editor—Wang and colleagues have stated in two recent studies! ? 

that ‘extensive literature searching’ failed to identify a single 

report of side-effects attributable to one dose of dexamethasone. 
As part of our research, we performed a literature search on 


PubMed and identified single dose intravenous administration of 
dexamethasone implicated in the aetiology of perineal imitation.’ 4 
We also have experience that administration of intravenous 
dexamethasone to conscious patients can cause unpleasant burning 
sensations in the perineal area. The summary of product 
characteristics for dexamethasone injection draws attention to ‘a 
transient burning or tingling sensation mainly in the perineal area 
following intravenous injection of large doses of corticosteroid 
phosphates’. As a consequence of these findings, our protocol for 
administration of intravenous dexamethasone is after induction of 
general anaesthesia. 

In the first of the two studies, Wang specifies that dexamethasone 
was administered 1 min before induction of anaesthesia, and m 
the second ‘at the time of induction’. Our experience is that patients 
who get such perineal irritation have complained ummediately. 
Such patients are likely to identify themselves as dexamethasone 
recipients. We therefore call into question whether either or both 
of these studies were truly double-blinded. Additionally, we have 
concerns about the ethics of placebo controls in patient groups 
identified as ‘high nisk’ for postoperative nausea and vomiting. 


R. Thomas 

N. Jones 

Department of Anaesthetics 
North Hampshire Hospital 
Basingstoke 
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Editor—Thank you for the opportunity to respond to the letter 
from Thomas and Jones. In answer to the three questions: 

First, we would like to thank Thomas and Jones for the valuable 
comments about the dexamethasone-related perineal irritation. 
There have been three letters concerning this side-effect, according 
to a Medline literature search on the last 20 yr. In previous 
searching, we only focused on other side-effects of dexamethasone, 
such as peptic ulcer, infection, electrolyte imbalance, hypertension, 
delayed wound healing, immune suppression, etc, and missed 
these reports. Your comment 1s greatly appreciated. 

Second, since 1981, dexamethasone has been extensively used 
in the prophylaxis of nausea and vomiting in patients undergoing 
chemotherapy and following surgery.!® But no well-designed 
study reported perineal irritation after dexamethasone ın conscious 
patients. The incidence of dexamethasone-related perineal irritation 
must be low. Furthermore, we have experience of the use of 
dexamethasone in more than 500 conscious patients to treat 
bronchial asthma, urticarial transfusion reactions, acute laryngeal 
oedema and drug reactions, and to prevent PONV. For these 
purposes, dexamethasone was given intravenously under the 
supervision of anaesthetists either in the operating room or in the 
post-anaesthetic care unit. No patient reported such a side-effect. 
This method of drug‘administration was also accepted in previous 
studies.!~* Our studies were conducted under a double-blind design. 

Our studies were also conducted after obtaining institutional 
review board approval and written informed consent from patients. 
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For routine patient care, our patients stay for 2 h in the 
postansesthetic care unit if they are out-patients and 1 h if they 
are in-patients. But in these studies, all patients stayed for 4 h in the 
postanaesthetic care unit. No antiemetic is given prophylactically in 
our clinical practice; they all were given as rescue antiemetics. In 
our studies, all patients received the same antiemetic management 
as other patients. From our studies, we found that PONV occurred 
more frequently within 0-4 h postoperatively (more than 75% of 
PONV first occurred in this period) than from 4-24 h 
postoperatively. This study design of using a placebo control has 
been adopted in many of the clinical studies evaluating PONV in 
high risk groups,“ although we agree that it is probably no Pe 
considered ethically acceptable. 


J.J. Wang 

S. T. Ho 

H. S. Liu 

C M. Ho 

Department of Anesthesiology and Obstetrics and Gynecology 
In-Service General Hospital 

National Defense Medical Center 
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New insights into the regulation of erythropoietin 
production 


Editor—We read the review by Jones and Wardrop on the 
measurement of blood volume ın surgical and intensive care 
practice with interest.! We would, however, like to comment on 
their description of the regulation of erythropoiesis. The statement 
that erythropoiesis is regulated by. haemoglobin concentration, 
arterial oxygen tension, haemoglobin—oxygen affinity and renal 
blood flow is only partly true. In particular, changes in renal blood 
flow do not usually alter erythropoiesis. An attractive model of 
regulation consistent with the data is that erythropoiesis is 
stimulated when -there is an imbalance between the supply of 
oxygen to the renal interstitium and oxygen consumption by the 


renal tubule. The main determinant of oxygen consumption 1s 
tubular reabsorption of sodium, itself related to the glomerular 
filtration rate. Thus erythropoiesis is generally stimulated in 
anaemia and altitude hypoxia when oxygen supply is umpaired, 
but glomerular filtration rate and oxygen consumption are 
unaffected. In contrast, ın renal artery stenosis there can be a 
dramatic reduction in renal blood flow and so a large reduction 
in renal oxygen supply, but this does not increase erythropoietin 
secretion, neither in the clinical setting nor in experumental animals. 
According to the model, the reason for this is that a primary 
reduction in renal blood flow leads to a proportionate reduction 
in glomerular filtranon and so a reduction in sodium reabsorption 
and oxygen consumption. 

At the molecular level, Jones and Wardrop state that the oxygen 
sensor for erythropoietin section 1s believed to be a haem protein 
synthesized in the kidney: and that the deoxygenated form of this 
protein stimulates the gene.! There have been a number of 
developments = this field since the publications they quote 
in their review.2 The erythropotetin-producing cells have been 
identified as fibroblasts of the cortex and outer medulla.’ Studies 
of gene regulation have led to the identification of a multiprotein 
complex (hypoxia-inducible factor-1, HIF-1), which binds specific 
DNA sequences termed ‘hypoxic response elements’, modulating 
expression of a range of target genes.* The HIF-1 complex contains 
two non-haem proteins (HIFo and HIFP), members of the bHLH- 
PAS family of transcription factors. The regulatory elements are 
the œ subunits, which are rapidly destroyed in normoxia. The 
precise mechanism by which oxygen destroys HIFa subunits is 
unknown and a ‘molecular sensor’ has not yet been identified, 
though oxygen-dependent production of reactive oxygen species 
has been suggested.” HIFs are emerging as major modulators of 
the vasculature, likely to be involved in embryonic development, 
in tissue ischaemia, in diabetic retinopathy, and in tumour 
angiogenesis.® 

Whatever the sensing mechanism for hypoxia, what 1s interesting 
is that it probably operates in many, if not all mammalian cells. 
For example, it has recently been shown that von Hippel Lindau 
(VHL) tumour suppression protein is also necessary for the 
destruction of HIFo subunits." In the absence of VHL protein, 
cells have bigh levels of œ subunits, resulting ın a ‘hypoxic’ 
phenotype and high levels of angiogemc growth factor, which 
might explain the angiogenic tumour characteristics of von Hippel 
Lindau disease. This observation also provides an insight into the 
genesis of sporadic renal carcinoma, as over 70% of clear cell 
cancers have VHL mutations.’ 

Perhaps the most exciting aspect of this field, which stems 
from physiological studies of erythropoiesis, is its therapeutic 
possibilities. It might be desirable to potentiate adaptive responses 
to hypoxia in ischaemic tissues, while in conditions such as diabetic 
retinopathy and tumour angiogenesis, blocking the response would 
be of benefit. 


J. J. Pandit 

Nuffield Department of Anaesthetics 
John Radcliffe Hospual 

Oxford 


P. H. Maxwell 
Wellcome Trust Centre for Human Genetics 
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Measurement of blood volume 


Editor—I read with interest the review on measurement of blood 
volume by Jones and Wardrop ! The fundamental basis of intensive 
care practice is to detect, prevent, and correct tissue hypoxia. 
Fluid resuscitation for hypovolaemia is integral to this process 
and ın many patients there is a difficult balance between volume 
replacement and inotropic support. Aggressive use of inotropes 
has been shown to increase mortality in critically ill patients,” 
whereas persistent positive fluid balance has been associated 
with poor outcome in ARDS.’ Commonly used indicators of 
hypovolaemia are often insensitive* and therefore measurement 
of plasma volume 1s an attractive technique. 

It was disappointing in the review that many of the techniques 
described have little relevance to bedside measurement of intensive 
care patients, Indocyamine green (ICG) can be measured easily 
in vitro by spectrophotometry! but can also be measured in vivo 
by reflection spectrophotometry.> A combined fibreoptic thermistor 
catheter is placed via a sheath into the femoral artery and advanced 
into the aorta. After a bolus mjection of cold ICG into the nght 
atrium, the concentration of dye is measured continuously. The 
time span of acquisition of data is 4-5 min, considerably shorter 
than with the serial blood sampling ın vitro technique. This allows 
determination of circulating blood volume, intrathoracic blood 
volume (ITBV) and cardiac output using transpulmonary 
thermodilution. Circulating blood volume represents the 
compartment of total blood volume that contributes to ICG 
circulation during data acquisition. Although the two volumes are 
different there is an excellent correlation between them (r==0.87). 
The time scale of data acquisition means that the technique is 
much less sensitive to capillary leakage. 

A further development is the use of ICG pulse 
spectrophotometry. Adaptation of the technique of pulse oximetry 
allows the non-invasive optical measurement in the patient’s nose 
or finger of the arterial concentration of the dye.® Although prone 
to motion artefact, this method has an estimated error of less than 
10% compared to conventional in vitro tests. ICG is rapidly 
cleared ın patients with normal hepatic function allowing repeated 
measurements within 20 min at the bedside. 

Finally, due to the large variation 1n circulating plasma volume, 
its value may be of little help in choosing between volume loading 
and inotropic support. Changes ın central venous pressure and 
pulmonary artery occlusion pressure may also not indicate changes 


in right and left heart volume.’ Intrathoracic blood volume has 
been shown accurately to reflect circulatory volume in critically 
ill patients. Although ITBV can be measured using ICG as 
described above, it can also be estimated from global right 
and left heart volumes denved from standard transpulmonary 
thermodilution at the bedside? Therefore, transpulmonary 
thermodilution using a central venous catheter and a femoral 
arterial catheter can give us information about not only cardiac 
output but also ITBV. All of this at the bedside with a single 
injection of cold dextrose! 


M. J. L. Schuster-Bruce 
Bristol 
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Editor—We have some sympathy with these views in the sense 
that, as pomted out in our review, the choice of methodology will 
be influenced by local facilities. A technique which is applicable 
entirely at the bedside is particularly attractive. However, there is 
still the concern that methods based on, or validated by those 
based on the volume of distribution of albumin are potentially 
flawed. Blood volume measurement based on the distribution of 
indocyanine green (ICG) follows closely that obtained using 
radiolabelled albumin.! Blood volume measured using albumin is 
closely correlated with that using labelled red cells.“ As pointed 
out in the letter, there is an ‘excellent correlation’ between an 
easily determined derivative of blood volume and total blood 
volume—both based on the volume of distribution of ICG? 
Everything therefore seems to be in order. However, 1n statistical 
terms a correlation between two methods, designed to measure 
the same thing. is hardly surprising and the test of significance 
‘is irrelevant to the question of agreement’.* Different methods 
should be compared by analysis of bias described by Bland and 
Altman.’ This kind of analysis shows good agreement between 
blood volume, in healthy volunteers, measured with iodinated 
albumin and that determined by a non-invasive pulse dye- 
densitometry using ICG. However, in the field of blood volume 
measurement, labelled red cells are considered to provide the 
‘gold standard’ and the same statistical analysis shows an 
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inconsistent bias between blood volumes determined, in a variety 
of patients, using iodinated albumin or red cells. Hence, although 
correlated, the two measurements do not always agree. We are 
not aware of any data that measures agreement in this way between 
total blood volume, determined using red cells, and total blood 
volume, or any part of it, determined using ICG. Such data, 
combined with the obvious practicality of ICG, would provide the 
best of all worlds. However, until such data are available, the 
method is no better, or indeed worse, than most others. 


G. Jones 
C. Wardrop 
Cardiff 
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One-lung anaesthesia: the need for renewed respect 


Editor—Drs Pennefather and Russell do well in their Editorial to 
draw attention to the msk of pulmonary morbidity following one- 
lung anaesthesia.’ They refer to a recent report published in 
The National Confidential Enquiry into Penoperative Deaths 
(NCEPOD), which analysed 78 questionnaires relating to 
perioperative death during or following oesophagectomy.? This 
report and the numerous studies that have identified less than 
optimal double-lumen tube (DLT) placement when performed 
without the aid of fibreoptic bronchoscopy, lead the authors of the 
Editonal to conclude that fibreoptic bronchoscopy should be used 
at DLT placement, following patient re-positioning and, 1f required, 
during surgery. They state that ‘fibreoptic bronchoscopy is the 
only technique available to detect anatomical variability and 
pathological distortions’, and conclude by questioning how much 
longer will it be considered ‘defensible’ to conduct one-lung 
anaesthesia without the use of fibreoptic bronchoscopy. 

We would like to dispute their statement on the assessment 
of bronchial anatomy and pathology, and we worry about the 
implication that the use of fibreoptic bronchoscopy should be 
considered mandatory. We regularly perform rigid bronchoscopy 
and assess bronchial anatomy/pathology immediately prior to DLT 
placement, and we do not believe that an experienced thoracic 
team should cancel or defer commencing a thoracic operation if 
the available fibreoptic bronchoscopes are being used in other 
operating theatres, as occasionally occurs in our hospital. So- 
called ‘blind placement’ should in fact imply a ‘functional 
visualization’ of tube position. By comparing peak and plateau 
inflation pressures and tidal gas movement ın the two lungs, the 
experienced thoracic anaesthetist should be able to visualize in 
his or her mind’s eye where the bronchial cuff is positioned. This 
comparison is performed against the background of one lung being 


bigger than the other, one being dependent and the other non- 
dependent, and one, usually the non-dependent lung, often 
containing or being affected by the underlying pathology. An 
awareness of the signs of ‘functional malplacement’, and 
experience in accurately interpreting these signs, are essential 
Dislodgement or partial dislodgement of the DLT does occasionally 
occur in the course of surgery and should be diagnosed immediately 
on clinical grounds and not by fibreoptic bronchoscopy. In some 
emergency situations, experience with ‘blind placement’ may be 
of greater value than experience with (and dependence upon) 
fibreoptic placement. Unquestionably, the trainee anaesthetist 
should gain experience with both. 

With regard to the high incidence of problems during or 
following one-lung anaesthesia for oesophagectomy, the trainee 
and occasional thoracic anaesthetist should know that in these 
cases there is an especial need for fibreoptic confirmation and/or 
experienced ‘functional visualization’. With oesophagectomy, the 
delay between the placement of the DLT and the opening of the 
thoracic cavity means there is also a delay in both the onset of 
single-lung ventilation and the viewing of the lung in the open 
thoracic cavity. The experienced thoracic anaesthetist will not wait 
until the onset of single-lung ventilation to identify a DLT 
malplacement affecting the ventilated lung, or until the chest is 
opened and the surgeon reports an already collapsed upper lobe 
or, alternatively, upper lobe or whole lung hyperinflation. In this 
regard, the NCEPOD report makes a further valid comment that, 
‘Correct placement of a double lumen tube requires practice and 
is more likely to be achieved by the anaesthetists who use them 
regularly. For some anaesthetists, when working with a general 
surgeon who has a small oesophageal practice, this experience 1s 
acquired slowly’. This message may well apply even when 
fibreoptic bronchoscopy 1s used to assist DLT placement. 

In the past, many anaesthetists have been reluctant to consider 
that the use of a DLT may have played a part in the development 
of respiratory complications following surgery. It is to be hoped 
that the recent NCEPOD report? and this Editorial! will serve to 
engender a renewed respect for the potential hazards of one-lung 
anaesthesia. 


J. Pfitzner 
Department of Anaesthesia 


M. J. Peacock 

Thoracic Surgical Unit 

North Western Adelaide Health Service 
Adelaide, South Australia 
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Editor—Thank you for the opportunity to reply to Pfitzner and 
Peacock. We agree that blind placement of double lumen 
endobronchial tubes (DLEBTS) is a useful skill to acquire and 
teach our specialist registrars how to place a variety of DLEBTs 
blindly. However, we require our registrars to check and recheck the 
position of blindly placed DLEBTs with fibreoptic bronchoscopy 
(FOB); this assists ın learning to blindly place DLEBTs. Most 
registrars need no further convincing that FOB should be used in 
all patients. 

We too regularly perform rigid bronchoscopy to assess bronchial 
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anatomy/pathology immediately prior to DLEBT placement. This 
1s however, in our opinion, no substitute for FOB confirmation of 
accurate DLEBT placement. As discussed in our Editorial 
numerous studies have shown that ıt is not possible to accurately 
place all DLEBTs utilizing ‘experienced functional visualization’ 
alone. Klein and colleagues,! for example, studied 200 patients in 
whom DLEBTs had been blindly placed During their initial FOB, 
functionally significant malplacement was detected in 25 cases 
despite normal ‘functional visualization’. 

We agree that the successful use of FOB to accurately position 
all DLEBTs and bronchial blocker requires experience. This is 
another reason to use a FOB in all patients. The decision to defer 
or cancel an operation because of the non-availability of monitoring 
equipment is always a balance between the risks of delay and the 
increased risks of proceeding. 


S. H. Pennefather 
G N. Russell 
Liverpool 


I Klein U, Karzai W, Bloos F, Wohlfarth M, Gottschall R, Fritz H, Gugel 
M, Seifert A. Role of fibreoptic bronchoscopy in conjunction with the 
use of double-lumen tubes for thoracic anesthesia’ a prospective study. 
Anesthestology 1998; 88: 346-50 


Placement of double lumen tubes 


Editor—We read with interest the editorial on placement of 
double lumen endobronchial tubes (DLEBT)! and welcome the 
opportunity to comment, based on our local experience We use 
a fibreoptic bronchoscope for all our cases, and teach and encourage 
our trainees to do the same. 

Pennefather and Russell! point out that with the limited number 
of sizes of DLEBTs available and the significant variation in 
tracheobronchial anatomy and pathology, a reliable method of 
predicting the correct size tube for an individual patient remains 
to be found. Our own studies have demonstrated that methods 
based on measuring airway diameter from the preoperative chest 
radiograph? and computer tomographic scan,’ although helpful ın 
small patents, remain unsatisfactory. It is not uncommon in our 
population to be faced with an adult woman weighing less than 
45 kg for thoracoscopic procedures. The introduction of the size 
32F DLEBT has been very helpful. We agree than with the 
availability of small diameter fibreoptic bronchoscopes the 
opportunity to tailor the correct size of DLEBT 1s much improved, 
provided the manufacturers are responsive to our requirements. 

Cost 1s an issue but so is practicability; the use of battery 
operated scopes (LF-DP, Olympus and F1-10P2, Pentax) allows 
us to save some cost and dispense with the cumbersome light 
source. Another excuse put forward for not using the fibreoptic 
scope routinely ıs that it takes tıme. Cheong and Koht have 
demonstrated that with practice, quick and accurate placement is 
possible if the scope is used at the outset. This method 1s all the 
more important in emergency cases such as bronchopleural fistulae, 
when a rapid sequence induction is required? and isolation is 
crucial. 

It ıs tempting to infer that fibreoptic bronchoscopic confirmation 
of endobronchial tube placement may have reduced the mortality 
reported in the recent national confidential enquiry mto 
perioperative death (NCEPOD) following oesophagectomy.® 
Contunuous exposure, monitonng clinical signs including 
capnography’ and a team approach remain the cornerstone in 
managing this condition. Indeed there may be situations where 


the use of a fibreoptic bronchoscope is inappropriate, such as in 
pulmonary haemorrhage.® 

We welcome the NCEPOD report, which highlights the 
mortality and morbidity associated with malpositnoned double- 
lumen tubes. Our departmental critical incident reporting system 
which ın turn forms part of the Australian Incident Monitoring 
Study (AIMS) has so far failed to report any similar problems. In 
the 2000 cases of tracheal intubations reported by AIMS, only four 
cases involved malplacement of DLEBTT.? It was not mentioned if 
fibreoptic bronchoscopic checking was performed for these cases. 
In the more recent AIMS report of 5000 cases, the use of DLEBT 
was not implicated ın the cases of aspiration.!© Thus routine use 
of the fibreoptic bronchoscope has met with resistance from some 
of our ‘experienced’ colleagues who advocate reliance on clinical 
signs alone,!! and others who use the fibreoptic scope as a backup. 


M. Y. H Chow 
P C Ip-Yam 
Singapore 
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Identifying tracheomalacia—an alternative approach 


Editor—Dr Sinha and colleagues should be congratulated for 
highlighting the danger of tracheomalacia following thyroid 
surgery.! Tracheal collapse may be both msidious and delayed, so 
correct identification of patients at risk is vital. 

We adopt a different approach. Following a successful pilot 
study in 1991, we have used the laryngeal mask airway (LMA®") 
to maintain airway patency during thyroid and parathyroid surgery.” 
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Our original motivation was to aid location of the recurrent 
laryngeal nerve. The LMA® permits fibreoptic inspection of vocal 
cord movement in response to electrical stumulation of the recurrent 
laryngeal nerve. Furthermore, the integrity of the nerve may 
be ccnfirmed pror to surgical closure. Hobbiger reported our 
experience of 97 cases.3 

In addition, we feel that the LMA® may also facilitate assessment 
of the risk of tracheomalacia. Prior to surgical closure, residual 
neuromuscular blockade is reversed and propofol infusion adjusted 
so that spontaneous respiration is reestablished. The trachea may 
be inspected and palpated without the ‘splinting’ effect of an 
endotcachial tube. Moreover, the LMA” permits fibreoptic 
inspection of the trachea for evidence of collapse during inspiration. 
If tracheal patency appears compromised, a tracheostomy may be 
created under controlled conditions whilst the patient remains 
anaesthetised. Palazzo recently described this approach ın a series 
of six patients at high risk of tracheomalacia.* 

We, like Dr Sinha and colleagues, feel the dangers of 
tracheomalacia have been underemphasized. We believe our 
alternative approach may offer significant advantages. 


K. Moaz 

R. A. Greatorex 

J. G. Allen i 

Queen Elizabeth Hospital 

King's Lynn 

Norfolk 

tLMA® ıs the property of Intavent Limited 
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Problems in Anaesthesia Series. Obstetric Anaesthesia. L.A. 
Fleisher and D.S. Prough (editors-in-chief) A.M. Bader and S 
Datta (guest editors). Published by Lippincott, Wuliams and 
Wilkins, Philadelphia. Pp. 131; indexed; illustrated. Price US$52. 
Like the curate’s egg, this book ıs good ın parts. The fly leaf of 
this volume of the quarterly Problems in Anaesthesia series says 
of itself ‘This outstanding quarterly journal sheds light on difficult 
and evolving areas ... (it) provides the knowledge and expertise 
of specialists, guest edited by an expert, (and) focuses on 
developments, complications and technological advances’. This is 
quite a challenge, for much 1s expected when many of the writers 
of this slim volume come from Harvard Medical School. 

The volume is in 11 chapters, and each chapter has a useful 
summary of contents. The chapters are arranged in a logical order, 
and the cover of this anaesthetic subspeciality 1s comprehensive 
although there 1s some duplication. The book could do with more 
Judicious editing, referencing and updating. 

Some chapters are excellent. For example, the topical chapter 
by Scott Segal unravels the difficulties of studying the complex 
effects of epidural analgesia on the method of delivery. The 
chapter on local anaesthetics is also clear and up to date, and 
includes the concept of chirality. However, a paragraph on EMLA 
and young children is out of place in this book, and the paragraphs 
on chirality and the use of adrenaline in epidural local anaesthetics 
are duplicated in the next chapter on anaesthesia for delivery. That 
chapter has several paragraphs on the use of narcotics for maternal 
pain relief, but there is no mention of the effects of narcotics in 
slowing gastric emptying. 

The section on how to do an epidural would be more in place 
im a textbook on obstetric anaesthesia. It is stated that ‘modern 
techniques (of analgesia) allow parturient patients to enjoy pain- 
free delivery with minimal maternal or neonatal side effects’. This 
is at odds with the following excellent chapter by Segal, which 
shows that epidural analgesia may indeed alter the method 
of delivery. 

This is an American book and so, in the chapters on anaesthesia 
for Caesarean section, it is good to see included several British 
references as well as American ones suggesting that regional 
analgesia has proved safer than general anaesthesia for Caesarean 
section. However, the majority of the references are quite old. 
The chapter on physiological adaptations of pregnancy 1s well 
written, but the fascinating tables on the cardiovascular and 
respiratory changes have no references. 

This book could be titled as an ‘American’ or the ‘Harvard 
Synopsis of Obstetric Anaesthesia’. It is readable, concise and 
quite good value at US$52 (about £35). Reading it would inform 
UK anaesthetists both at the Consultant and Specialist registrar 
level of the activities of our American cousins in this anaesthetic 
subspeciality. 

J. Sprigge 


Psychological Mechanisms of Pain and Analgesia. Donald D. 
Price. Progress in Pain Research and Management Volume 15. 
Published by IASP Press, Seattle. Pp. 248; undexed; illustrated. 
Price US$69. ISBN 093109229. i 
Q. When is the stımulatıon of nociceptors pain and not pain? 

A. When it is considered unpleasant and associated with potential 
tissue damage, but not when associated with pleasant sensations 
such as eating capsaicin in tacos (cooking instructions supplied). 
Thus Donald Price introduces the fundamental problem of personal 





evaluation of pain perception. This book devotes nine chapters to a 
highly academic exploration of the physiological and psychological 
characteristics af nociception from the pempheral to the central 
processes ın the pain experience. It ıs to date the most 
comprehensive volume in an accessible form It includes PET 
studies with clearly reproduced pictures of brain slices showing 
the structures and calculations involved in identifying increasing 
brain regions recruited to process increasing stimulus intensity. 

Throughout tke book, Price explains in detail and from a number 
of different view points, that pain processing differs radically 
from the claim that it is subserved by exclusive neurons and 
pathways that project to discrete centres ın the brain. Indeed, he 
is able to demonstrate that the areas involved 1n the neural imaging 
studies are not exclusively dedicated to pain processing, but 
become recruited as a function of peripheral or central sensitisation. 
Pain needs to be comprehended as both a somatosensory and an 
affective experience, both of which are subserved by different 
mechanisms. Puce shows evidence that nociceptive stimuli activate 
neural pathways having direct input to areas of the brain responsible 
for the production of fear arousal, but that there is also a secondary 
stage of affective evaluation which engages the cortical areas of 
the brain likely to be involved in emotional reactions and the 
planning of behavioural responses, thus diverting attentional and 
motivational resources away from other activities. 

The complicated business of measuring such a subjective 
experience is given a whole chapter in which the emotional 
responses are specified into five different areas. An interesting 
study is quoted in which all five are measured with separate VASs 
under different conditions of pain and clearly demonstrate the 
different contributions of anger, fear, depression, frustration and 
anxiety depending on the circumstances in which pain is 
experienced, For example, lower back pain is associated with 
relatively high levels of all the negative emotions, especially 
frustration, whereas labour pain is associated only with elevations 
in anxiety. If chronic pain is multidimensional then its assessment 
needs separate measures of nociception, immediate pain related 
affective disturbance, suffering and overt pain behaviour. Price 
sets out criteria for the reliable measurement of these several 
factors. He concludes that VAS measurements may be the most 
efficient way of achieving this. 

Other chapters focus on the relative contribution of conditioned 
responses and expectancy in placebo analgesia and the mechanisms 
of hypnotic analgesia This, he concludes, can modulate both the 
affective dimension of pain and the sensation intensity 
differentially by targeting meaning and sensation with different 
suggestions. Tke antenor cingulate cortex and the primary 
somatosensory area are shown to be activated differentially, m 
parallel with changes in subjective reports of unpleasantness and 
intensity separately under the different conditions of hypnotic 
suggestions, This chapter ends with speculation about the far 
reaching implications for hypnosis in the treatment of pain if both 
aspects are adequately addressed, especially as hypnotic ability 
may not be a critically limiting factor. 

The chapters each stand alone as separate papers on the relevant 
aspects, and as such tend to be repetitive if approached at a single 
sitting, especially as Price’s agenda is clearly on emphasizing 
the importance of the personal meaning of pain. However, the 


“concluding chapter helpfully summarizes the research quoted in 


the foregoing pages. 
This book is dense with experimental data and is by no means 
an introductory text. However, it is a ‘must have’ for those who 
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are interested in researching the most recent and comprehensive 
theories of pain and its management. 
K. Fisher 


Perioperative Care of the Eye Patient. G. Vafidis, P.N. Robinson 
and G.M. Hall. Published by BMJ Books, London. Pp. 70; indexed; 
illustrated. Price £10.95. ISBN 0727912259. 

This 1s a useful yet concise book on perioperative care of the 
ophthalmic patient. It mdicates in its introduction that it outlines 
the components of care in the perioperative period that reflect 
current practice, with emphasis on day stay procedures, and indeed 
it achieves its aim. The book contains 12 chapters that take the 
reader from surgical decisions in the outpatients department, 
through all aspects of anaesthesia and surgery, to dealing with 
complications when patients are discharged to the community. It 
1s presented in a logical manner and in a way that is easy to 
read and to understand. Important points such as preoperative 
assessment and management of specific problems such as diabetes, 
hypertension and anticoagulation, are clearly discussed. The book 
has 52 tables which summarize various indications and 
contraindications as well as the advantages and disadvantages, of 
regional and general anaesthesia. It also describes the different 
types of regional anaesthetic techniques in a simple and easy to 
understand way. It has a chapter on care of the paediatric patient 
which highlights paediatric anaesthetic problems and postoperative 
care. Moreover, there is a very useful chapter that deals with 
perioperative crises such as anaphylaxis, cardiac arrest, malignant 
hyperthermia, and brain stem anaesthesia following regional 
anaesthesia. I liked the chapters on the Recovery Unit, Fitness for 
Hospital Discharge, and Care in the Community. 

However, the book has only three photographs related to local 
anaesthetic techniques. There are no diagrams to demonstrate 
frontal views, or the site and direction of needles used to perform 
regional anaesthesia. Furthermore, the authors fail to mention the 
importance of the size, type and length of the needle used for 
regional anaesthesia of the eye. The advantages and disadvantages 
of using epinephrine-containing local anaesthetics in the eye are 
not mentioned. 

In the chapter on general anaesthesia, the authors give only a 
single line statement about consent from patients. Considering 
that the majority of eye patients tend to be aged and many of 
them are either confused or suffer from dementia, I would have 
thought that this particular item would merit more space in such 
a book. 

Tke authors discuss the risk of aspiration of stomach contents 
and devote a table to management of tracheal intubation when 
there is such a risk. This 1s an important area the management of 
which deserves more detail as some of the drugs suggested by 
the authors, for example, metoclopramide, which raise intraocular 
pressure, would not be used by all ophthalmic anaesthetists. The 
advantages and disadvantages of using succinylcholine or non- 
depolarizing neuromuscular blocking drugs, and how to use them, 
for example, the use of a priming dose of a non-depolarizing 
muscle relaxant, also deserve a mention. There is little information 
about the pharmacology of individual anaesthetic agents and their 
effect on the eye or the effect of various techniques used 
perioperatively, for example, tracheal intubation or insertion of a 
laryngeal mask airway, on intraocular pressure; these are gaps that 
should be filled. The authors do not mention the need to avoid 
succinylcholine in patients undergoing surgery for the correction 
of squint, or make a distinction, in terms of preparation or 
management, between different paediatric age groups. The section 
on monitoring during surgery, although adequate, lacks information 
ọn monitoring of mechanically ventilated patients. Furthermore, 
reliance on trained technicians to monitor patients during regional 


anaesthesia is, in my view, not helpful m enhancing the role of 
the anaesthetist in the management of the ophthalmic patient. 

The authors suggest that this book would enable all members 
of the team, from consultants to operating department practitioners, 
to enhance patient care. I agree that the book goes some way to 
achieving this, particularly for the anaesthetist or surgeon in 
training. However, at consultant level the book does not offer that 
extra value. But I certamly recommend it to specialist registrars 
as a handy book that is easy to read and assimilate. 


S.M. Mostafa 


International Anesthesiology Clinics. WE. Hurford (editor-in- 
chief). Vol. 38: Number 1: 2000: Thoracic Anesthesia/Hyperbaric 
Medicine. PF. Dunn and P. Barach (editors). Published by 
Lippincott, Williams and Wilkins, Philadelphia. Pp. 174; indexed; 
illustrated. Price US$66. 

This literary stable, now breeding its 38th volume, has responded 
to the new millennium with a proposal to produce issues that 
cover, on occasion, two separate topics. With this process, it 1s 
hoped to produce review and debate at the pace associated with 
journals. It is a challenging concept, not least for reviewers; for, 
as in this case, one topic 1s likely to fall into a field that can be 
reviewed with some authority and the other has to be assessed 
from the perspective of an initiate. At first glance, the pairing of 
thoracic anaesthesia with hyperbaric medicine is odd, but it should 
work, principally, because both topics are brimful with respiratory 
physiology and oxygen pathology. 

The thoracic anaesthesia section is of four chapters; an eclectic 
mix of hot and cold topics: management of the emphysematous, 
the physiology of one lung ventilation, tracheal resection, and 
small airways disease—referred to as the bronchospastic. 

Emphysema, a quintessential condition of the third age of 
thoracic anaesthesia, is the subject of a wide-ranging but unfocused 
discussion. As in the succeeding chapter, the understood and 
basics are well reviewed but the remit is interpreted too widely: 
the writers have been made vulnerable to criticism by straying 
into areas where the lack of front-line experience becomes 
evident. After reading, could one anaesthetize a patient with 
emphysematous bullae as a co-morbidity? No, not safely. Could 
one anaesthetize a patient with emphysema for lung transplantation 
or lung volume reduction surgery? No, not successfully 
Preoperative conditioning, optimization and right ventricle function 
assessment get scant and belated consideration. There is adequate 
emphasis on the attention to detail necessary to ensure expiration 
1s optimum; and on the cost, in terms of physiological compromise. 
Warnings about dynamic hyperinflation and positive pressure 
ventilation are present but well hidden, under induction of 
anaesthesia. But there is no information about premonitory clinical 
signs, such as pulse oximetry paradox, that harbinger this 
potentially fatal condition, and which can present late during 
surgery, notably when airway management of ventilator changes 
are implemented. A grave omission is the absence or information 
about the effects and management of the differential lung 
compliance situations created by single lung transplantation. 
Referencing is patchy; that on lung transplantation 1s inadequate 

The physiology of one lung ventilation and the lateral decubitus 
position is always going to be the key to the form of any 
references on thoracic anaesthesia. Unfortunately, this rendering 
is handicapped by a baggage of detail about placement of double 
lumen tubes, which 1s, typically, didactic, and bears many hallmarks 
of not being tested robustly enough by those who promulgate it 
to have experienced that it is not failsafe. We are informed that: 
‘one lung ventilation was originally performed to prevent infectious 
spillage from one lung to the other’. At the very least, writing it 
should have made the authors think about advocating the inflation 
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of the tracheal cuff of a double lumen tube first, if the other lung, 
that is going to be uppermost, 1s the source of spillage—but it did 
not. North American commentators have blinkers on for the 
inherent design faults in plastic tubes. Many of the problems with 
double lumen tubes are because the plastics industry will not or 
cannot replicate features of the red rubber antecedents. Commercial 
considerations have left these uncorrected and largely 
unchallenged, so that a mythology (mandatory diagnostic fibreoptic 
bronchoscopy), mystique and manufactured science have been 
allowed to build up around the art of them use. Just look at a 
Gordon Green endobronchial tube (respectable size upper lobe 
slot, that expands on inflation of the cuff) or a Robertshaw tube 
(limited tracheal length, endobronchial bevel direction) to obtain 
some idea of how the fabric of this section becomes corroded. I 
have digressed—on a hobby horse. The science is quite well dealt 
with bot it is uncritical, with old formatting of topics and very 
tired referencing. It is turgid. One page has the acronym PEEP 
on it no less than 28 times. Such discourses would be so much 
easier to read if authors realized that unless the taught have complex 
concepts presented in a simple way, they become confused, bumble, 
talk gibberish and fail examinations. This topic can be made more 
simple, and more relevant ın the context of routine practice, by 
recognizing the great conspiracy of one-lung anaesthesia. It is 
against the functional residual capacity of the dependent lung. 
The cavalry, coming to rescue it from its anatomical, physiological 
and surgical siege, 1s forced to traverse a 30 cm tube which, to 
be frank, is usually (ın a double lumen tube) smaller in diameter 
than the average adult urethra! 

A thoroughbred: the chapter on tracheal surgery. Even the most 
experienced tracheal surgeon will only see a handful of these 
cases in a lifetime, and the same is true of their anaesthetic 
partners. The recognition that the fundamental skill is in rigid 
bronchoscopy, and that anaesthesia for it is the key, is something 
I applaud. Though I would not value gaseous induction as highly 
as the writer, I would not disagree in principle, as the method 
described is designed to minimize the hazards of provoking 
coughing fits and spasms~something that can be fatal in those 
already critically compromised by any form of central airways 
obstruction. The final chapter in this section 1s a cameo by the 
editor-in-chief. It is a workmanlike piece on dysfunctional airways 
with sound sense on recent thought, evidence, experience and 
therapy. Shame about perpetuating the corrupt and unfortunate 
word ‘bronchospastic’. 

The hyperbaric medicine section is a superb presentation marred 
only by the chapter of most importance to the practising 
anaesthetist. The subjects brought in under the umbrella of the 
topic are in fact of great import to all walks of anaesthetic 
hfe, even in their leisure: ischaemia—reperfusion, bubbles, gas 
embolism, decompression illness, crush injury, gas poisoning, 
oxygen toxicity, aviation and diving medicine. At the pace of an 
academic gallop, it makes for a fascinating read. It is a 
comprehensive and excellent starting pomt of reference into this 
mynad of conditions. A good way, too, for the examination 
candidate to get a sideways look at pulmonary physiology and 
the ever-expanding world of inflammation cascades. Amazingly, 
there are enough of some pathologies in the USA, such as carbon 
monoxide poisoning from car exhaust fumes, for the conduct of 
controlled trials. But the results are equivocal. On most, there are 
still stewards’ enquiries, and on some the inconclusive conclusion 
is that hyperoxia may do more harm than good. All this science 
needed to be relevantly summarized for the proposed readership. 
Do my patients need access to a high pressure chamber? What is 
the demand, and would the demand justify the resources? What 
would happen to my patient on referral and how could I help to 
ensure it was a safe process? Instead, illustrated with grainy 
photographs which contribute little, is a rather irritating homily 
on intensive care (including the need for ethicists) that should be 


taken as read. As should the section on the transport of the 
critically ‘I (the unfortunate use of a font that does not distinguish 
upper case ‘i’s from ‘I’s). It failed to distinguish, incisively, 
circumstances of transfer in a vehicle on wheels at ambient pressure 
from those of locking an equally obtunded and unconscious 
patient inside a metal box and ratcheting up the pressures to 
unphysiological levels. Is the target readership so simple that it 
has to be informed, not just once but twice, that Luer fitungs 
should be used so that madvertent line disconnections do not 
occur; or that hepann saline should be used as line-flush? Filling 
the tracheal tube cuff with saline is mentioned, but surely this 
essential manoeuvre warrants more than one sentence-justification 
and a few references? Other than knowledge about the requirement 
for myringotomies, does the readership need to be told how to do 
them? All that fascinating science on bubbles and no word of 
what happens if some go walkabout from the arterial and venous 
monitoring lines in the unconscious patient entombed in a 
monoplace chamber. And any rate, how reliable is the intelligence 
from monitoring once the whole body 1s squeezed as though in a 
sub-marine vice? I still do not know and I have read it twice! 

On balance, this volume will probably stay on the library shelf 
to maintain continuity in the series. I recommend an occasional 
dusting — by a specialist — of the chapter on tracheal surgery; by 
a trainee of the science and research in hyperbaric medicine. This 
foal has fallen at the first jump. It could yet come good, but it 
must have more authority and, given the series title, preferably an 
international one. If it follows this pattern of breeding out of one- 
towns’ studs, there will be more nags than thoroughbreds. Methinks 
not even enough curates’ eggs at this Bostonian Tea Party! 


I.D. Conacher 


Review of Intensive Care Medicine 2nd edn. N.A. Smyrnios, R.S. 
Irwin, EB. Cerra and J.M. Rippe (editors). Published by Lippincott, 
Wiliams and Wilkins, Philadelphia. Pp. 275. Pree US$49.95. 
ISBN 0-7817-2021-4. 

This book is written to accompany its parent book, the 4th edition 
of Irwin and Rippe’s Intensive Care Medicine (Lappincott, Williams 
and Wilkins, Philadelphia 1999). As a review it is essentially 
along the format of multiple choice questions (MCQ) and answers. 
It follows the chapter layout of the parent text and the reader is 
often encouraged (naturally) to avail of this resource! Indeed, as 
such it 1s a scarce entity given the paucity of intensive care MCQ 
books directed at the trainee in the British Isles. 

The book is aimed at the resident in training for board 
certification in the United States. The format of the questions 
varies as expected with ‘true and false’, ‘select the true/false 
statement’, ‘matching’ and ‘select the best answer’ options, the 
latter being the most prevalent by far. Only the first format, 
stem with true/false options, is in widespread use in collegiate 
examinations in the British Isles. My preference for MCQ books 
is for the answers to be on the page opposite or overleaf as using 
multiple bookmarks can be frustrating, especially when you read 
ın error the answer to the next question! The text and questions 
are clear and well written atid I was happy in general to agree to 
differ with some of the suggested correct answers on occasion. 

The topics covered are comprehensive and include some 
welcome ethical and medico-political aspects of the provision of 
critical care. An appendix has been appended to the end of the 
book that includes the usual pharmaco-physiological formulae and 
I suppose one should not look the gift horse in the mouth, 
However, there are some errors in some of the formulae, probably 
related to oversights in proof reading, and some tables may need 
updating. Also there is no table to allow conversion of units to 
Systéme Internationale. My favourite section 1s missing in that 
there is no index — understanding a comprehensive index indicates 
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a comprehensive understanding! Whether 1t is practical to include 
one in an MCQ book is debatable, but ıt allows one to quickly 
find out if the latest topics are cluded and serves to test the 
reader’s familiarity with the contents. 

This book will no doubt appeal to trainee intensivists ın the 
USA, especially those who have already purchased the parent 
book. However, the relevance of this book to the British Isles 
trainee intensivist will be somewhat limited, not necessarily by 
the limitations of the book itself, but by the fact that there is 
currently no MCQ examunation as yet for Intercollegiate Board 
accreditations! This may account somewhat for the aforementioned 
paucity of sumilar publications. In the current dnve to continuing 
professional development and clinical governance ıt may appeal 
to some practising intensivists. Whilst I found the book quite 
useful and interesting, it 1s at present a lower priority purchase. 


M.O. Columb 


Safety in Medicine. C Vincent and B De Mol (editors), Published 
by Elsevier Science, Oxford. Pp. 268, indexed; illustrated. Price 
US$99. ISBN 0-08-043656-0. 

This is a book arising from the 16th workshop of NeTwork (sic) 
held in 1998, on Safety in Medicine, each chapter co-authored by 
one of the participants. It seeks to apply models of safety denved 
from industry to the practice of medicine, drawing many of its 
illustrations from anaesthesia, though none of the authors is an 
anaesthetist. One is thus, as a practising anaesthetist, in a position 
comparable to a stone age tribesman reading a report by an 
anthropologist on some of his activities. It is somewhat 
discouraging, therefore, for this tribesman to discover failures of 
understanding of the role of his tribe in the jungle of medicine. 
For example, one author thinks that the anaesthetist 1s part of the 
surgeon’s team, another (this 1s cardiac surgeon, so perhaps less 
surprising, though no less culpable) who fails to mclude in his 
list of the anaesthetists’ roles the maintenance of anaesthesia, and 
a third who thinks surgeons and anaesthetists come from different 
professions (are surgeons doctors?) Similarly, there is implicit 
criticism for the division of hospital medical effort into teams, 
these being either at war or in armed truce, while failing to realise 
the industry ideal of a single functional team 1s not realisable in 
medicire because each team’s responsibility is too complex for 
any ordinary professional to be able to lead more than one It 1s 
rather msulting to assume, as this author seems to, that this model 
of work 1s a mistake rather than the least bad system that can be 
found. This book also has, as so often in multi-foreign author 
works, one chapter in which, though all the words are English, 
the language somehow is not, and an index where subjects are 
referenced only to chapter numbers, while names are referenced 
to the specific page, thus breaking new ground for the enhancement 
of the academuc ego! 

Let me not be too negative about this book, however. There 
are many fascinating insights into the world of error revealed in 
the examples. Thus we learn that one of the reasons for the failure 
of the Byork-Shiley convexo-concave heart valve was drug and 
alcohol abuse among factory workers during manufacture, and the 
main problem with waiting for valves to fail before replacing 
them (the ‘Run-for-your-life option’) was that though patients/ 
relatives correctly and instantly diagnosed valve failure, they were 
ignored by the ‘experts’. 

This last example illustrates the concept of ‘Close Coupling’ 
ın accident analysis, where accidents are made more likely when 
the undesired outcome follows closely on the error. There is a 
good deal of analysis of theory of accidents using famous examples, 
and I learnt a lot about Zeebrugge. There are attempts to apply 
this to medicine, but in spite of numerous models, there is httle 
success. There is praise for critical incident discussion, largely 


because it recognizes the possibility of error, which is sadly rare 
in medicine outside anaesthesia. 

Finally, this book points out that while there is some truth in 
the analogy of anaesthesia to flight, medicine 1s less like the rule 
and routine based culture of civil aviation and more like military 
action. We act less like production chemusts, more like knights 
errant, dashing off to rescue the patient in distress. In part, of 
course, this 1s because as with mulitary action, our every patient 
is different. It is, however, tellingly pointed out that even the 
valiant knight needs to take time to tighten the girth, check the 
horse’s shoes, and consider whether he can see potholes in the 
road through his newly designed helmet 

The book 1s interesting for those with an interest in accidents 
both generally and in medicine, and it will open the general 
reader’s eyes to new ways of thinking about our work. Jt would 
be wrong of me, however, to suggest it has a place on the average 
anaesthetic department’s bookshelf 

C.P H. Heneghan 


Handbook of Preoperative Assessment and Management B 
Sweitzer (editor). Published by Lippincott, Williams and Wilkins, 
Philadelphia. Pp 459; indexed. Price £25 ISBN 0-7817-1633-0. 
It was with considerable curiosity that I opened this book on 
preoperative assessment and management-a handbook identical 
in shape and size to the excellent Clinical Anesthesia Procedures 
of the Massachusetts General Hospital. For what reason could 
preoperative assessment have been detached from the remainder 
of anaesthesia? 

The preface gives only indirect hints. It states that the book 
is written ‘for climcians interested in performing high-value 
preoperative assessments’. Further, a case for consensus should 
be ‘formulated on an evidence-based perspective and expert 
opimon’. There 1s a need for ‘a reference source’ for ‘state-of- 
the-art preoperative assessment curricula’ This word curriculum 
implies the foundation for a course or an examination Would 
anaesthetists attend a course solely on preoperative assessment? 
The fact that the editor acknowledges a gap ‘between best and 
actual practices’ does suggest that such a need 1s perceived, at 
least by the authors. 

However, as one reads further, ıt becomes apparent that this 
book 1s not written exclusively for anaesthetists. The generic terms 
‘clinician’ and ‘caregiver’ seem to have been chosen deliberately 
In addition to anaesthetists, it seems that this book 1s auned at 
surgeons, primary care providers, nurses, health care institutions, 
quality~assurance bodies and, indirectly, for the consumption of 
insurance companies. Does this mean that anaesthetists have 
abnegated their responsibility for preoperative assessment to 
others? Authors of several chapters acknowledge that 75-80% of 
surgery in the USA is now undertaken on a ‘same-day admission 
basis, that this policy is driven by the insurance companies, and 
that the anaesthetist ‘no longer has guaranteed access to the patient’. 

There are 20 chapters by 29 authors, several of whom are 
eminent ın their fields. Thirteen chapters cover standard clinical 
issues, the range of conditions likely to influence anaesthesia, and 
how to conduct relevant assessments. In general, they are well 
written and up to date, although there is considerable variation 
between chapters in the number of references appended. Most are 
from journals, although some authors only quote from books In 
either case, the references are almost exclusively American. At 
the beginning, Michael Roizen gives an excellent summary of 
evidence against the routine performance, in otherwise fit patients 
having minor and intermediate surgery, of batteries of preoperative 
laboratory tests. In the last chapter, four case studies are presented, 
followed by discussion. These are simular in nature to those 
presented to UK trainees in the Final FRCA examination 

However, it 1s the three chapters devoted to management aspects 
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that, for me as an outsider, provided the greatest insight mto 
current differences between anaesthesia ın the US and the UK: 
those on the organization of a preoperative evaluation centre; 
development of practice guidelines; and preoperative data 
management. Stephen Fischer describes the Stanford Preoperative 
Anesthesia Evaluation Center, the effectiveness of which was 
presented in a special article in Anesthesiology (1996; 85: 196). 
The centre’s first operational goal ıs ‘To improve the patient's, 
surgeon’s, and insurance company’s perception of the preoperative 
evaluation expenience’. Gentle coercion sometimes had to be used 
to persuade surgeons to use the centre: informal guarantees not to 
cancel a patient; and the assessment appointment must be booked 
before an operating room is allocated. It appears, inevitably, that 
most of the assessments, explanations, pain information and patient 
education are undertaken by individuals other than the one who 
will actually administer the anaesthetic. Hence, presumably, the 
urgent need for consensus on preoperative assessment, 
development of practice guidelines, data collection, and computer 
feedback programmes to suggest to the assessor possible areas for 
cost reduction. 

In the preface, Dr Sweitzer talks of converging forces that have 
made this book necessary. Having read the book, it is hard not to 
conclude that the insurance companies have provided the greatest 
driving force. In the space of fewer than 30 pages, the word ‘cost’ 
appears on no fewer than 22 occasions, usually ın association 
with words such as containment, reduction, céntrol, constraints, 
and value-added. In the UK, one is starting tő detect sumilar forces 
at work behind certain NHS initiatrves, and I hope that I shall 
retire before I am no longer ‘guaranteed access to the patient’. As 
anaesthetists, if we are not careful, we will be forced into becoming 
technicians, merely following a prescription that has been largely 
determined by someone else. Under such circumstances, where 1s 
the doctor-patient relationship and who is medicolegally 
responsible? 

R. A. Mason 


Video review: Adult intubation. Volume 3 from Airway Cam 
Technologies, Inc., PO Box 337, Wayne, PA 19087, USA 
(www.airwaycam.com). VHS video available in NTSC, PAL and 
SECAM formats. Duration approximately 28 min. US$149.95 

In contrast to flexible fibreoptic intubation, there is a paucity of 
video teaching material for direct laryngoscopy This has been 
addressed with a series of videos made using a video camera 
developed by Dr Levitan of the University of Pennsylvania 
Medical Center. The video camera hes in the line of sight and 
records the view as seen by the user. 

Volume 3 concerns tracheal intubation of the adult. It deals 
with anatomy, function, history, laryngoscope design, techniques 
of laryngoscopy, and tracheal intubation. In the anatomy section, 
line drawings are accompanied by colour mages, and a functional 
view of anatomy recorded with a flexible  fibreoptic 
rhinolaryngoscope is presented. Vocal cord function 1s 
demonstrated clearly in this section by means of a rigid mirrored 
fibreoptic laryngoscope with a stroboscopic light source. The 
historical section highlights the techniques developed by Kirstein 
and Jackson. The latter is particularly welcome, as Jackson’s 
textbook Bronchoscopy, Esophagoscopy and Gastroscopy. A 
Manual of Peroral Endoscopy and Laryngeal Surgery is not 
widely available. Jackson’s emphasis on progressive visualization 
of landmarks 1s endorsed. The technique section demonstrates use 
of the standard Macintosh laryngoscope, as well as the ‘Improved 
Vision’ and McCoy variants. My only concern about technique 1s 
that insertion of the Macintosh m the midline, rather to the nght 
of the tongue, with subsequent movement into the midline, is 
advocated. This probably leads to suboptimal tongue control in 


a couple of cases, although good visualization of the larynx 
is achieved. 

The greatest value of this video is demonstration of the optimum 
techniques of using straight laryngoscopes. Passage through the 
paraglossal gutter, the importance of identifying anatomical 
structures, and optimization of the view, particularly with external 
laryngeal manipulation, are all demonstrated. Although use of a 
stylet with a hockey-stick shape can be helpful when the Miller 
laryngoscope impedes passage of the tracheal tube, many UK 
anaesthetists will prefer initial passage of a bougie under vision. 
Use of the Muller, Wisconsin, Philips and Guedel straight 
laryngoscopes are all discussed and demonstrated. 

I have a few minor criticisms. The statement that all fibreoptic 
laryngoscopes carry green markings 1s not true of the UK. It is 
also suggested that the tracheal tube is secured whenever the cuff 
is passed beneath the vocal cords, but optimal positioning of 
tracheal tub2s 1s achieved when the black mark above the cuff 
(almost universal on tracheal tubes) is positioned at the level of 
the vocal cords. However, these minor points do not detract from 
the value of this video. It is the best teaching video I have ever 
seen. Both the technical and clinical material are superb. There is 
a need for improved tramıng ın the use of straight laryngoscopes, 
and this video complements clinical teaching. Every department 
should have a copy of this video, and individual anaesthetists who 
purchase a personal copy will find it a useful aid to improving 
their technique. 

J. Henderson 


‘Final FRCA’ Multiple Choice Questions M.D. Brunner, P.N. 
Robinson and M. Williams. Published by Butterworth Heinemann, 
Oxford. Pp. 220; indexed. Price £16.99. ISBN 0-7906-4214-9. 
The authors of Final FRCA: Multiple Choice Questions laid out 
these questions according to the syllabus and regulations of The 
Royal College of Anaesthetists’ final fellowship examination. The 
aim of the authors 1s to test factual knowledge and, at the same 
time, to educete the reader. 

In the introduction of the book, the authors describe the MCQ 
examination and advise as follows: read the questions carefully; 
do not guess; answer as many MCQs as you can; and aim to pass 
the MCQ examination with a score of 2. The book consists of 
five examination papers each having 90 muluple choice questions. 
The length of each MCQ paper mirrors the real examination 
paper; it is therefore suggested that ıt may help to time oneself 
by, ın effect. doing a mock-examination. But these MCQs are not 
original questions from the final FRCA examination. 

The question stems are of variable length. The simple stems 
are used to test stmple facts. For instance, the question about the 
causes of hypercalcaemia presents five answers—thiazide diuretics, 
lithium, aminophylline, Conn’s Syndrome and _ phaeochro- 
mocytoma (p. 184). The complicated stems help to assess a 
reader’s ability to deduce facts from basic core knowledge; for 
example, a question about physiological effects of a agonists 
includes the false statement that respiration 1s not affected and 
Paco, is not changed (p. 168). In fact, Paco, will be slightly raised. 

The MCQs cover the key areas of medicine and surgery, 
applied basic sciences, clinical management, intensive therapy, 
and anaesthesia and pain management. There is a similar number 
of MCQs in each area as in the FRCA examination paper. There 
are 20 questions ın medicine and surgery, 20 in applied basic 
sciences, 10 about clinical management, 20 in intensive therapy 
and 20 in anaesthesia and pain management ın each paper. The 
questions within each paper are well balanced. But some of 
the topics, such as renal failure, clotting systems, nitric oxide, 
anaphylaxis and adverse reactions, hypothermia, and gas analysis 
and cylinders, appear up to six times through the book. 

I very much appreciated the answers being placed on the 
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opposite page to the questions. It saves time, as it stops the reader 
going backward and forward over the pages and therefore facilitates 
self-testing. It also keeps one at the exercise! The answers 
are well structured, concise and constructive, particularly about 
disserninated intravascular coagulopathy (p. 75) and ulcerative 
colitis (p. 107). 

It 18 disappointing that the book does not have any references 
in the answer text, either on the same page or at the end of the 
book. I had to check the validity of the answers from sources 
such as the MEDLINE database; Anesthesia (4th Edition, 1994, 
Miller RD ed.); Principles and Practice of Anesthesiology (2nd 
Edition, 1998, Longnecker DE, Tinker JH and Morgan GE Junior); 
Oxford Textbook of Critical Care (1999, Webb AR, Shapiro MJ, 
Singer M and Suter PM). 

There are some interesting, albeit somewhat esoteric questions 
in the book. For instance, in the question about fat embolus, it 


was interesting to find out that intramedullary pressure may rise 
up to 1400 mm Hg during surgery on the femur (p. 45). In one 
of the questions about anaphylaxis, I learned that tryptase samples 
could even be taken post-mortem for diagnostic purposes (p. 117). 
I encountered a few errors. in the answers to questions about the 
boiling point of carbon dioxide (p. 29), and the management of 
myxoedema coma (p. 173). 

Finally, the authors demonstrated that there is more to lıfe than 
examinations! It was worth persisting to the 91st question of the 
fifth paper in the book, if only for amusement, despite the fact 
that, as a post-fellowship trainee from Liverpool, I am not an 
Arsenal Football Club supporter! 

In summary, this is a well-structured, balanced and indexed 
MCQ book with a good layout and content. It is only unfortunate 
that it does not offer any references. 

G Sidaras 
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rather than ‘s’ spelling in, e.g. organize, organization. 


Short communications 


Authors are encouraged to submit short manuscripts suitable 
for rapid publication. In general, these should conform to 
the requirements outlined above, but with the following 
differences: 

Format. Summary; Introduction (not headed); Methods and 
results; Comment. 

Size. Not more than 6 references, 1 table or 1 figure, one- 
and-a-half pages of printed text (1200 words). 


Correspondence 


Each issue of the journal will contain correspondence. 
Correspondence arising from papers in a recent issue is 
published without delay, and for this reason, will be given 
priority over that pertaining to original research. The Editor 
may change, delete or modify in any way all items of 
correspondence. 

All communications designed for publication should be 
submitted on a separate page in letter quality heavy type 
(not dot matrix), double-spaced, on one side only of the 
paper, with a wide margin. Contributors should send three 
copies of all correspondence to the editor and retain a copy 
in case of loss. Correspondence may also be submitted on 
disk. All authors must sign the accompanying submission 
letter. 


Proofs 


These should be corrected and returned to the publisher by 
post or fax within 48 h of receipt. Overseas contributors 
may fax a copy of the proofs to the publisher but should 
return their proofs by air mail also. 


Reprints 


Corresponding authors will receive a copy of the journal 
in which their article appears. Offprints can be supplied if 
application is made on the order form attached to the proofs. 
The order form should be returned with the proofs. 


IMPORTANT NOTICE TO AUTHORS 


The British Journal of Anaesthesia has implemented a change in reference style. We retain 


the Vancouver style, but the journal name is now abbreviated, only the change in the last 
page number is given and no full stop ends the reference (i.e. Br J Anaesth 1998; 81: 
232-9) 





Oxford University Press is proud to 
announce the arrival of a new member of 
the Oxford Textbooks family... 


7 “cise oxford 
Con Textbook of 


| ae Edited by. 

) G.G. Ledingham 
í David A. Warrell : 
Foreword by 


sir David Weatherall 





A brand new textbook of medicine, encapsulating all 
the essential, practical content of the world-famous 
Oxford Textbooks of Medicine in one accessible volume 


Hardback e 0-19-262870-4 èe £75.00 
or just £49.50 for orders received before 30‘ September 2000 
around 2,000 pp, 500 photographs, 500 line drawings, 100 colour plates 


available august 2000 


www.oup.com 





Ope XO) SD) Coming soon... 


UNIVERSITY PRESS The long-awaited second edition of 
the ultimate surgery textbook 
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Oxford | Textbook: of Surgery; `: `a substantially rewritteiťand revised - 
Second Editioñ. . | i ee T edigio on with many new: contributors. 7 
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Edited by Professor Sir Peter J Morris, Nuffield Professor of Surgery, University of Ox- 
ford; and Dr William C Wood, Joseph Brown Whitehead Professor and Chairman, 
Department of. Surgery, Emory University School of Medicine, Atlanta 
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‘The Oxford Textbook of Surgery! Isc > v! i ie ne ` ads Pee ee 
=> International - combining the best of both North American and European practice for 
‘surgeons worldwide 
=> Lavishly produced - illustrated in full colour throughout, in three handsomely.bound 
volumes 
œ Comprehensive ~ covering both general surgery and the subspecialties 


=> Accessible - featuring outona antrou tory sections by world authorities 
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The long-awaited second edition of the Oxford Textbook of Surgery is a unique contribu- 
tion to the field. It not only provides a comprehensive and authoritative reference on all 
aspects of general surgery, but also offers substantial sections on subspecialties such as 
orthopedics, pediatric surgery, neurosurgery, and cardiac surgery. It has been designed 
and written by an international faculty for specialist and trainee surgeons working in any 
part of the world. Key sections, written by world authorities, include those on endoscopic 
surgery, surgical nutrition, response to injury, the design and interpretation of clinical 
trials, causes of cancer, vascular surgery, and the selection of surgical trainees. 

What’s. new? es CY Ye oS ee See pot. we ea < 
For this new edition, the unique, full-colour design of the Textbook has been thoroughly up- 
dated and enhanced. There are major new sections on, for example, molecular biology and 
evidence-based surgery. Almost all the other sections have been rewritten by new contribu- 
tors or heavily revised to reflect new N and ernphases in the field. 


Comprehensive = = interriational. = humänè vo _— 1 7 
The Oxford Textbooks have found their way onto the shelves of clinics, libraries, and hospi- 
tal departments the world over. They have earned praise for their careful integration of 
basic science and the best of clinical practice, their international focus, and not least their 
exhaustive coverage. Like many other Oxford Textbooks, this new edition of the Oxford 
Textbook of Surgery emphasizes a humane approach, providing chapters on counselling 
bereaved relatives, pain relief, and the care of the eying: 
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